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Abstract  
Economic growth-driven development has resulted in the degradation and loss of ecosystem 
services on a global scale. One of the more widely recognized approaches to addressing 
this issue is based on the idea of valuing ecosystems in terms of the economic benefits they 
provide for humans. This ‘ecosystem services approach’ is being adopted by researchers, 
governments and organizations around the world. The concept of ecosystem services 
cannot, however, robustly account for the ‘public’ nature of ecosystem functioning. This 
represents a serious gap in the knowledge required for the sustainable use of nature’s ‘gifts’ 
by growing human populations. 
 
This thesis argues that ecosystem services are only one aspect of ‘ecological infrastructure’, 
which also includes landscape elements, ecosystems and most importantly, the connectivity 
among and within these components. It then locates the ecosystem services approach within 
a broader and deeper conceptual framework for ecologically sustainable development that is 
based on the concept of ‘investing in ecological infrastructure’. Case study methodology, 
constituted by an historical analysis and a series of focus group interviews, was employed to 
test the robustness of the conceptual framework. The Lower Burdekin region in North 
Queensland Australia was selected as the study site. 
 
Since the arrival of humans in the Lower Burdekin, the environmental history of the region 
has been shaped by two distinctly different approaches to natural resource management. 
Prior to European settlement the Bindal people sought to maintain ecological integrity, 
whereas the European approach was driven by a ‘nature-conquering’ world view that 
regarded ecological infrastructure strictly in terms of the exploitable resources it produced. 
The latter approach has resulted in widespread environmental changes and increasing 
environmental degradation. While built infrastructure investment in the Lower Burdekin totals 
many hundreds of millions of dollars, apart from investing in maintaining the integrity of the 
Burdekin delta aquifer system, there has been comparatively little provision for the region’s 
ecological infrastructure since European settlement.  
 
Data from the focus group discussions provide strong evidence that the concept of investing 
in ecological infrastructure is regarded by key Lower Burdekin stakeholders as “essential” for 
the sustainability of the region. The data also demonstrate that most stakeholders found 
investing in ecological infrastructure readily applicable to their particular social-ecological 
context.  
 
ii 
The case study results therefore show that the concept of investing in ecological 
infrastructure provides an ecologically robust, economic framework for sustainable 
development. Moreover, because of its strong focus on connectivity, this conceptual 
framework is spatially and temporally scalable. It can also be adopted immediately, within 
existing socio-political contexts. These features are vital ones, given the increasing global 
demand for ecosystem services and the diminishing capacity of global ecological 
infrastructure to produce those services. ‘Investing in ecological infrastructure’ not only deals 
with the public nature of ecosystem services, it provides a viable alternative to the current 
economic growth-based development paradigm.  
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Chapter 1 - Introduction 
Since the publication of the controversial book Limits to Growth by Meadows et al. (1972)1, 
the issue of economic growth-driven, global environmental degradation has become the 
subject of a vast and eclectic literature. One of the more widely recognized conceptual 
frameworks that have emerged from this literature is based on the idea of valuing 
ecosystems in terms of the services they provide for humans. The conceptualization of 
ecosystem processes2 that benefit humans as ‘services’ has received increasing academic 
attention since the publication of The Value of the World’s Ecosystem Services and Natural 
Capital (Costanza et al. 1997). Indeed, the ‘ecosystem services approach’, as proposed by 
Costanza et al. (1997), has been adopted by researchers, governments and organizations 
around the world (Searle and Cox, 2009). The Value of the World’s Ecosystem Services and 
Natural Capital has subsequently become the most cited article on ecosystem services 
(Peterson, 2010) and is widely considered as seminal in this field of research.  
 
Economically speaking, however, ecosystem processes are characteristically non-
excludable or ‘public’ (Kaul et al. 2002; Ehrlich and Ehrlich, 1981; Ehrlich et al. 1977). 
Markets fail in the delivery of public goods and services. Therefore market-based 
approaches, including the ecosystem services approach, cannot comprehensively account 
for the ‘public’ nature of ecological processes. This represents a serious gap in the 
knowledge required for the sustainable use of nature’s services by growing human 
populations. Thus the aim of this study is to develop a conceptual framework for socio-
economic development that robustly accounts for the public nature of ecosystem functioning. 
Before such a framework is widely adopted by policy and decision makers, it must gain the 
acceptance of stakeholders and practitioners. Assessing a range of stakeholders’ views on 
the applicability of this framework is therefore a prime focus for concept development.  
 
To achieve this aim the rest of the thesis is structured as follows. Chapter 2 begins with a 
critical review of the ecosystem services literature. The literature review analyses the 
ecosystem services concept and finds that there are inherent economic, ecological and 
methodological inconsistencies in its foundations. It is argued that these conceptual issues 
can be surmounted by a shift in focus, away from ‘ecosystem services’ produced for human 
benefit, and towards ‘ecological infrastructure’, which produces these services. The 
                                               
1
Meadows et al. (1972) predicted that ‘business as usual’, in terms of continued global economic 
growth, would lead to planetary social-ecological limits being exceeded sometime in the 21st century. 
Millions of copies of The Limits to Growth were sold, and the book was translated into 30 languages. 
The book was, however, widely criticised “across a range of publication and media types, including 
scientific peer-reviewed journals, books, educational material, national newspaper and magazine 
articles, and web sites” (Turner, 2008, p. 2). 
2
 Hereafter the term ‘ecological processes’ is used to denote ecological processes and functions (De 
Groot et al. 2002).  
2 
remainder of Chapter 2 systematically develops this argument into an ecologically robust 
approach to sustainable human development. The basis for this approach is an analytical 
framework, which utilizes the concepts of ‘elements’, ‘systems’ and ‘services’ to draw 
parallels between the role of ‘built infrastructure’, such as roads, communications towers, 
power lines and dams, in providing socio-economic services, and the role of ‘ecological 
infrastructure’ in providing ecosystem services. A major difference between the operation of 
built and ecological infrastructure is the level of human investment, which is significant in the 
case of built infrastructure and completely inadequate when it comes to restoring, 
maintaining and enhancing ecological infrastructure. It is concluded that the public nature of 
ecosystem services can be robustly dealt with via the concept of ‘investing in ecological 
infrastructure’.   
 
Chapter 3 sets out the rationale for the choice of case study methodology to ascertain the 
applicability of the ‘investing in ecological infrastructure’ framework developed in Chapter 2. 
The case study has two elements. An environmental history of the Lower Burdekin region 
(Chapter 4) shows that since the arrival of European settlers, built infrastructure has 
attracted significant human investment, whereas ecological infrastructure has been largely 
neglected. The historical analysis also reveals, however, that the Lower Burdekin region has 
been successfully investing in a key element of its ecological infrastructure, the delta aquifer 
system, for almost 50 years. Socio-economic considerations, specifically the need to 
preserve the aquifer’s capacity to supply fresh water for irrigation, motivated the decision to 
develop the Lower Burdekin artificial aquifer recharge scheme. The successful operation of 
the scheme, however, is based on ecological considerations; namely the need to maintain 
the ecological integrity of the aquifer with respect to the seawater/groundwater interface. The 
second part of the case study (Chapter 5) involved a series of focus group discussions 
conducted with key stakeholders in the study region. The line of questioning for the focus 
groups was centred on the development of the region’s fresh water resources3, beginning 
with the role water played in the participants’ lives, and culminating with the participants’ 
views on investing in the ecological infrastructure of their region. Almost all focus group 
participants readily adopted the concept of investing in ecological infrastructure, and many 
thought it was “essential” for the sustainability of the Lower Burdekin social-ecological 
system.  
 
                                               
3 Focus group participants were either directly or indirectly dependent on the water resources of the 
Lower Burdekin. Most participants’ therefore had a broad knowledge of key ecological and built water 
infrastructure elements in the region. Some participants could be classed as experts in the field of 
water resource management. 
 
3 
The case study also revealed that the conceptual framework generated in Chapter 2 depicts 
socio-economic systems as being outside ecological infrastructure, when they are actually 
part of it. In addition, the framework does not account for “unwanted connectivity”. It does, 
however, appear to be scalable. Chapter 6 draws on these findings to further develop the 
concept of investing in ecological infrastructure into a more robust framework for socio-
economic development. The final chapter of the thesis, Chapter 7, discusses the key findings 
of the thesis with respect to the thesis’ achievement of its aim. The thesis is concluded with 
an outline of potential areas for future research that have emerged from undertaking this 
study. 
  
4 
Chapter 2  - A conceptual framework that accounts for 
‘public’ ecosystem functioning 
2.1 Introduction 
Given the potential ramifications of most development decisions, there has been a significant 
amount of intellect and effort invested in research aimed at ensuring these decisions 
produce socio-economic outcomes that are ‘sustainable’ over the long term. Within this 
broad and divergent body of theoretical and methodological approaches, a number of 
schools have gained wider recognition in academic and policy circles. Included among the 
more popular of these schools is the ‘ecosystem services approach’. The ecosystem 
services approach is based on the concept of valuing ecosystems in terms of the economic 
benefits they provide for humans, and this approach is currently being adopted by 
government, intergovernmental and non-government organizations across the globe (Searle 
and Cox, 2009). This chapter uses a brief history of ecosystem services research as the 
point of departure for a critical examination of the concept of ecosystem services. The 
critique is focused on three weaknesses in the conceptual foundations of the ecosystem 
services approach:  
1. Ecological processes, which include ecosystem services, are ‘public’ and markets 
‘fail’ in the delivery of public goods and services;  
2. Ecosystem services cannot be segregated (i.e. for economic valuation) from other 
ecological processes; and  
3. Re-casting ecological processes as economic ‘services’ helps to convey the broad 
message that ecosystems have significant economic value. The ‘services’ analogy 
cannot, however, be used to understand the principles and laws that underlie 
ecosystem functioning.  
 
Because of these three fundamental weaknesses, the use of the ‘ecosystem services’ 
concept to frame natural resource management (NRM) policy and decision making can be 
problematic. The remainder of the chapter is devoted to addressing these key issues. This is 
achieved via the development of a model for socio-economic development that is based on 
the concept of investing in ecological infrastructure.   
2.2 Ecosystem services: a critical review 
2.2.1 Ecological conceptions of ecosystem services 
The earliest reference to the ‘services’ provided by nature for human benefit was in George 
Perkins Marsh’s Man and Nature (1864, p. 95, in Daily, 1997): “The carnivorous, and often 
the herbaceous insects render an important service to man by consuming dead and 
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decaying animal and vegetable matter, the decomposition of which would otherwise fill the 
air with effluvia noxious to health”. The term ‘ecosystem’ was coined over 70 years later in 
the article The Use and Abuse of Vegetational Concepts and Terms (Tansley, 1935). It is 
now a fundamental concept in ecology (Golley, 1993).  
 
The first formal characterization of the various ‘services’ delivered to humanity by 
ecosystems appeared in the report Study of Critical Environmental Problems (SCEP) (1970). 
The SCEP (1970) listed the following environmental services that would deteriorate if there 
was a decline in ecosystem function: composition of the atmosphere; climate regulation; 
cycling of matter; flood control; soil formation; soil retention; fisheries; insect pollination; and 
pest control. Holdren and Erhlich (1974) added maintenance of soil fertility and maintenance 
of a genetic library to this “essentially complete” list of services (Mooney and Ehrlich, 1997 p. 
14). Subsequent publications have referred to these particular ecological processes and 
functions as “the public services of the global ecosystem” (Ehrlich et al. 1977, in Mooney and 
Ehrlich, 1997, p. 15) and “nature’s services” (Westman, 1977, p. 960). The term ‘ecosystem 
services’ was first elaborated by Ehrlich and Ehrlich (1981) in their book Extinction: The 
causes and consequences of the disturbance and disappearance of species (Mooney and 
Ehrlich, 1997).  
 
The focus of early ecosystem services research was biodiversity loss; specifically how the 
loss of biodiversity would affect ecosystem services, and whether it would be possible to find 
and utilize technological substitutes for these services (Ehrlich and Ehrlich, 1981). By 1991 
the extent to which species can compensate for other species’ roles in ecosystem service 
delivery had become an active area of ecological research (Mooney and Ehrlich, 1997). In 
1991 the Scientific Committee on Problems of the Environment (SCOPE) launched a 
program to assess the state of knowledge in the area, to prepare the way for explicit 
experimentation. The program focused on two basic issues: the extent to which biodiversity 
contributes towards nutrient retention, decomposition, production, atmospheric feedbacks 
and other system processes in the face of global change (climate change, land-use change 
and invasions); and the extent to which species diversity affects system stability and 
resistance, and how global change might affect these relationships (Mooney and Ehrlich, 
1997). The SCOPE assessment produced detailed evidence of the ecosystem services 
provided by biodiversity in a range of biomes4, including arctic and alpine, Mediterranean, 
savannas, tropical forests and islands (Mooney and Ehrlich, 1997). The assessment found 
that species diversity was important to all ecosystem services, but “some services, such as 
                                               
4 A ‘biome’ is the largest unit of ecological classification that is convenient to recognize below the 
entire globe, such as temperate broadleaf forests or montane grasslands (Millennium Ecosystem 
Assessment) (MA), (2005).  
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primary productivity, were less sensitive to diversity than were other processes” (Mooney 
and Ehrlich, 1997, p. 16). It concluded that whilst “very poor” the knowledge base at that 
time suggested that diversity was a “fundamental requirement... for providing ample free 
services to society” (Mooney and Ehrlich, 1997, pp.16-17). The SCOPE assessment also 
concluded that humanity needed to be very cautious in its husbanding of global biotic 
resources, because local diversity was very difficult to restore, and global biodiversity loss 
was irreversible in relation to human time scales (Mooney and Ehrlich, 1997).  
 
A number of other research projects completed in the early 1990s supported the SCOPE 
assessment’s general conclusion that diversity is important for ecosystem functioning 
(Tilman et al. 1996; Lawton, 1995; Perrings et al. 1995; Naeem et al. 1994; Tilman and 
Downing, 1994). Broader but less detailed information was provided by Mooney et al. (1996) 
and also in two chapters of the Global Biodiversity Assessment (Mooney et al. 1995). The 
latter publication was produced in a format that enabled comparisons of ecosystem 
processes across different biomes. It was also based on the work of hundreds of scientists, 
and thus moved the concept of ecosystem services into the mainstream of ecological 
research (Mooney and Ehrlich, 1997). 
2.2.2 Economic conceptions of ecosystem services 
Economics-based conceptions of ecosystem services can be traced back to the 
development of the environmental economics and ecological economics research 
disciplines. Both of these disciplines seek to integrate ecological and economic concepts for 
the purpose of understanding and resolving environmental problems (Pearce, 2002). 
Generally speaking, ecological economists regard environmental problems to be far more 
serious than environmental economists. They place greater emphasis on the limits of the 
earth’s carrying capacity and say little about technological change (Pearce, 2002). 
Environmental economics, on the other hand, acknowledges that substitutability between 
human-made and natural capital and technological progress may provide for continued 
economic growth, even though natural capital is diminished (Pearce, 2002). Despite these 
differences, environmental economics and ecological economics draw some of their 
theoretical inspiration from the same sources (see Ropke, 2004 and Pearce, 2002). Also, 
both approaches consider ecosystem services in terms of human use value (Costanza et al. 
1997; Daily, 1997; Turner and Pearce, 1993).  
 
Until the early 1990s conceptions of ‘natural capital’ and ‘ecosystem services’ were mainly 
used to stress societal dependence on ecosystems (De Groot, 1987; Kellert, 1984; Ehrlich 
and Ehrlich, 1981; Thibodeau and Ostro, 1981; Pimentel, 1980; Westman, 1977; 
Schumacher, 1973). Ecosystem services were recognised as a serious part of the research 
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agenda when they were included in the Beijer Institute’s Biodiversity Program as a research 
priority (Perrings et al. 1995; 1992). Various research priorities identified by the program 
were addressed in a number of publications, one of which was a book titled Nature’s 
Services: Societal Dependence on Natural Ecosystems (Daily, 1997). This book is broadly 
acknowledged as one of the two seminal publications on ecosystem services.  
 
The other seminal publication is The value of the world’s ecosystem services and natural 
capital (Costanza et al. 1997). The thesis of this paper is that ecosystem goods and services 
make a substantial and essential contribution to human welfare. However, because 
ecosystem services exist largely outside the market and there are huge uncertainties about 
their nature, they are often “ignored or undervalued” (Costanza et al. 1997, p. 259). 
Furthermore, if the economic value of these services is not adequately accounted for in 
policy decisions, irreversible thresholds may be crossed, and significant and irreplaceable 
ecosystem services lost, with a corresponding loss in “current, continued and future human 
welfare” (Costanza et al. 1997, p. 259). Costanza et al. (1997) estimated the total economic 
value of the biosphere to be in the range of US$16-54 trillion per year. This equated to an 
average of US$33trillion per year, an amount that was almost double the global gross 
national product at that time (around US$18 trillion per year). 
 
Due in no small part to the monetary figures presented, the article by Costanza et al. (1997) 
made an immediate and lasting impact. For example, the development and use of monetary 
valuation studies for ecosystem services increased significantly (Gomez-Baggethun and 
Perez, 2011). The Millennium Ecosystem Assessment (MA) placed the ecosystem services 
concept firmly on the policy agenda (Fisher et al. 2009). The MA framework stressed human 
dependency on ecosystem services, and also on the underlying ecosystem functioning 
(Alcamo and Bennett, 2003). Since the release of the MA Reports (2005), the ecosystem 
services literature and the number of international projects using ecosystem services as a 
framing concept have grown exponentially (Fisher et al. 2009) (Figure 2.1). Various 
ecosystem functions have thus been increasingly subjected to commoditization and market 
logic (Gomez-Baggethun and Perez, 2011).   
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Figure 2.1: Number of publications on ecosystem services since 1990. 
(Science Direct, 2012; Web of Knowledge, 2012). 
 
Summarizing the key points in this section; early ecosystem services research was focused 
on ecology, specifically the role of biodiversity and the extent to which biodiversity 
contributes to ecosystem functioning. From a general ecological perspective, ‘ecosystem 
services’ are conceived to be ‘public’ in nature.  Ehrlich and Ehrlich for example, refer 
explicitly to the “public services of the global ecosystem” (cited in Mooney and Ehrlich, 1997, 
p.15) and to “absolutely essential, free public services” (Ehrlich and Ehrlich, 1981, p. 77). 
More recently, Kaul et al. (2002) characterized ecosystem services as public goods that are 
often global. The ecological approach to ecosystem services research was, however, 
subsumed by market-based economic approaches after the ‘monetarization’ of the global 
value of ecosystem services by Costanza et al. (1997). So, from this point on the term 
‘ecosystem services approach’ will refer to the economics-based conception of ecosystem 
services unless otherwise stated. The next section will explore major economic, ecological 
and methodological weaknesses in the conceptual foundations of the economic ecosystem 
services approach. 
2.2.3 Ecosystem services: economic conceptual issues 
Despite the growing popularity of the ecosystem services approach in NRM research and 
policy making, this economics based conception of ecosystem services has been the subject 
of ongoing criticism (Spangenberg and Settele, 2010; Sagoff, 2008; Heal, 2000; Vatn, 2000; 
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Toman, 1998; Weiskel, 1997). Much of this criticism is centred on the validity of the methods 
used to value ecosystem processes economically (see for example Spangenberg and 
Settele, 2010; Heal, 2000). This thesis will, however, focus its analysis upon the foundation 
of the ecosystem services concept. 
 
An economic ‘service’ is defined as (Petit, 1987; Hill, 1977):  
 a set of singular and perishable5 benefits;  
 commissioned according to the needs of service consumers; 
 generated by functions of technical systems and/or by distinct activities of individuals;  
 delivered from the accountable service provider and rendered individually to an 
authorized service consumer upon request; and  
 consumed and used by the requesting service consumer for their day-to-day 
business or private activities. 
Other definitions describe services as “intangible benefits” (such as a haircut), as compared 
to ‘goods’, which are “tangible products” that are delivered to purchasers and involve the 
transfer of ownership from seller to customer, for example the purchase of a car or a loaf of 
bread (Business Dictionary, 2010 (a), (b)).  
 
Two of the most well recognized publications on ecosystem services define them as: 
“Ecosystem services consist of flows of materials, energy, and information from natural 
capital stocks which combine with manufactured and human capital services to produce 
human welfare” (Costanza et al. 1997, p. 254); and “Ecosystem services are the conditions 
and processes through which natural ecosystems, and the species that make them up, 
sustain and fulfil human life. They maintain biodiversity and the production of ecosystem 
goods, such as seafood, forage, timber, biomass fuels, natural fibre, and many 
pharmaceuticals, industrial products, and their precursors… In addition to the production of 
goods, ecosystem services are the actual life support functions, such as cleansing, 
recycling, and renewal, and they confer many intangible aesthetic and cultural benefits as 
well” (Daily, 1997, p. 3). 
 
Comparing the definitions of ecosystem services and economic services reveals that the 
delivery, rendition and consumption of an economic service, such as a haircut, is quite a 
different phenomenon to the provision of an ecosystem service, such as climate regulation, 
cycling of matter, flood control and soil formation. In economic terms, this significant 
                                               
5 Services are ‘perishable’ because they cannot be saved, stored (for reuse at a later date), resold or 
returned (Lovelock and Gummesson, 2004). For example, one cannot save, store, resell or return a 
haircut.  
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phenomenological difference is a result of non-excludability. Specifically, economic services 
such as a haircut are ‘excludable’; that is, someone who is not willing to pay for a haircut can 
be excluded from ‘consuming’ it. Economic services like haircuts, automobile repairs, and 
medical, financial and legal advice are thus suited to market-based approaches, where 
prices regulate supply and demand. Ecosystem processes, including ecosystem services 
are, however, characteristically ‘non-excludable’ or ‘public’ (Spangenberg and Settele, 2010; 
Kaul et al. 2002; Ehrlich and Ehrlich, 1981; Ehrlich et al. 1977). For instance, someone who 
is not willing to pay for climate regulation cannot be excluded from consuming it. The non-
excludability aspect of ecological processes raises a conceptual issue of fundamental 
importance for the ecosystem services approach. Because of non-excludability, markets fail 
in the delivery of public goods and services. Therefore, market-based approaches cannot 
ensure the continued delivery of public ecosystem services. To better understand why this is 
so, it is necessary to explore the ecological reasons for the non-excludability of ecosystem 
services.    
2.2.4 Ecosystem services: ecological conceptual issues 
Economics-based definitions of ecosystem services have two common components that 
invite ecological criticism. Firstly, ecosystem services are segregated from other ecological 
processes. That is, ecosystem services are defined as those processes that benefit humans, 
as exemplified by the definitions of Costanza et al. (1997) and Daily (1997) quoted above. 
Similarly, the MA (Alcamo and Bennett, 2003, p. v) defines ecosystem services as “the 
benefits people obtain from ecosystems” and Fisher et al. (2009, p. 645), define ecosystem 
services as “the aspects of ecosystems utilized (actively or passively) to produce human 
well-being”. De Groot et al. (2002) provide a more sophisticated definition, proposing that 
ecosystem goods and services that satisfy human needs directly or indirectly are provided 
by ecosystem functions, which are in turn a subset of ecological processes and ecosystem 
structures.  
 
Regardless of its level of sophistication, any conceptualization that compartmentalizes 
ecosystem services into discrete units overlooks the reality of interconnected and complex 
ecosystem processes (Vatn, 2000). This amounts to an attempt to frame a concept with 
overlapping, interactive and diffuse borders, as a concept with discrete and well defined 
limits (Georgescu-Roegen, 1971).  Vatn and Bromley (1994, p. 130) argue that the process 
of separating complex and interconnected ecosystem processes into discrete exchangeable 
units “compresses this complexity into a simple metric of monetary values”, which results in 
a “non-trivial loss of information”. Given that the goal of research is information gathering, 
the use of a conceptual model that could potentially lead to “non-trivial” information loss is, at 
the least, questionable.  
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The second and related component at issue is the broad treatment of ecological functioning 
as a linear input-output model, as exemplified by Turner and Pearce, (1993). In their 
discussion on the limitations of the concept of ‘Total Economic Value’ (TEV), Turner and 
Pearce (1993, p. 187) argue that ecosystems provide “a source or stock of primary value”. 
This primary value is described as the “glue value” of the ecosystem. “Healthy” (stable 
and/or resilient) ecosystems also provide a range of functions and services, or “secondary 
values”. Turner and Pearce (1993) propose that the total value of ecosystems (TV) is equal 
to the sum of their total primary value (TPV) plus their total secondary value (TSV), or:       
TV = TPV + TSV. They also propose that TSV is equal to the TEV of ecosystems. This 
formal treatment of ecosystem value is notable with respect to this thesis for three reasons.  
 
Firstly, as discussed above, there is the issue of treating complex and interconnected 
ecosystem processes as discrete units. Specifically, the range of functions and services 
(TSV), and the “glue value” of ecosystems are conceptualized as discrete factors that, when 
added together, equate to total ecosystem value (TV). But ecosystems are complex, and in 
the case of complex systems ‘the whole is more than the sum of the parts’ (Von Bertalanffy, 
1968). A simple sum is therefore an inappropriate conceptualization of ecosystem value. 
Secondly, ecosystem functions and services are equated to the total economic value (TEV) 
of ecosystems. Thus, according to Turner and Pearce (1993), the primary value, or “glue 
value” of ecosystems has no economic value. Without their “glue”, however, ecosystems 
could not exist. In real economic terms, the “glue value” of ecosystems is thus infinite, not 
zero. A third point to note from Turner and Pearce’s formal treatment of ecosystem value is 
that TV = TPV + TSV is a linear equation.  
 
Costanza et al. (1997, p. 254) propose that ecosystem services consist of “flows of 
materials, energy, and information from natural capital stocks which combine with 
manufactured and human capital services to produce human welfare”. This description of 
ecosystem services is represented in Figure 2.2. 
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Figure 2.2: Ecosystem services consist of flows of materials, energy, and information 
from natural capital stocks, which combine with manufactured and human capital  
services to produce human welfare (Costanza et al. 1997, p. 254). 
 
But Figure 2.2 is also a linear model. This is made more explicit when Figure 2.2 is reduced 
to its simplest terms, as depicted in  
Figure 2.3.  
 
 
 
Figure 2.3: Ecosystem services flow from natural capital to produce human welfare. 
 
A more sophisticated model of ecosystem services delivery is provided by De Groot et al. 
(2002) (Figure 2.4).  
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Figure 2.4: A framework for assessing/valuing ecosystem functions, goods and services   
(De Groot et al. 2002, p. 394). 
 
Despite its sophistication, in terms of ecosystem services delivery, the framework proposed 
by De Groot et al. (2002) is also a linear model. The only ‘feedback’ depicted in this model is 
the one from “decision making processes” to “ecosystem structure and process”. Note also 
that De Groot et al. (2002) segregate ecosystem goods and services from ecosystem 
functions, structure and processes.  
 
From an ecological perspective, however, ecosystems are complex and characterized by 
non-linear outcomes. These outcomes occur because interactions between organisms and 
their environment take place at multiple scales. Positive and negative feedbacks occur within 
and between scales, and thresholds and tipping points separate alternative stable states of 
systems (Walker et al. 2006). In the context of the immediate discussion, what this means is 
that while ecosystem services may “flow from natural capital”, they also feed back into 
natural capital to maintain its ‘growth’6. Natural capital and ecosystem services are therefore 
inter-connected and cannot be holistically represented by a linear input-output model, such 
as Turner and Pearce’s equation TV = TPV + TSV. With respect to actual ecosystem 
functioning, the relationship between TV, TPV and TSV is a non-linear one, wherein the total 
                                               
6
 Economic capital growth is quantitative, whereas natural capital ‘growth’ includes qualitative factors, 
such as ecological integrity and ecosystem functioning. In other words, there is a significant 
phenomenological difference between ‘capital’ and ‘natural capital’, as is the case with ‘services’ and 
‘ecosystem services’ (see section 2.2.3).       
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value of ecosystems is dependent on the “glue value” of ecosystems, which itself is 
dependent on the range of function and service values of ecosystems. The complexity of 
actual ecosystem services delivery is perhaps more easily intuited when a slight alteration to  
Figure 2.3 is made, as depicted in Figure 2.5. 
 
 
 
Figure 2.5: Ecosystem services flow from and feed back into natural capital.  
(a) In an environment that is undisturbed by socio-economic impacts all ecosystem services support 
the maintenance and evolution of natural capital (b) Contemporary socio-economic systems 
appropriate ecosystem services for human welfare. They also feed waste streams back into natural 
capital. This reduces the quantity and/or quality of services available for maintaining natural capital. 
The impact of socio-economic systems on ecosystem services delivery is depicted by the change in 
the yellow arrow from a solid arrow (a) to a dashed arrow (b). 
 
Figure 2.5(a) highlights the flow of ecosystem services from natural capital and the 
necessary feedback of ecosystem services to natural capital. When human welfare is added 
to this figure, it becomes apparent that the flow of ecosystem services is impacted; firstly by 
humans appropriating ecosystem services, and secondly by human waste that is fed back 
into natural capital (Figure 2.5(b)).  
 
Figure 2.3 and Figure 2.5 are high level abstractions, but the difference between these two 
figures lends support to Vatn and Bromley’s (1994) argument that a “non-trivial loss of 
information” can result when complexity is “compressed”. Specifically, ecosystem services 
do not simply “flow” from the output end of a production line, as in Figure 2.3. Furthermore, 
all ecosystem services benefit humans, either as direct ‘flows’ into socio-economic systems, 
or as inputs for the necessary level and extent of ‘natural capital growth’ that is required to 
maintain the production of ecosystem services. It is this interconnectedness and the 
resulting complexity that makes ecosystem services characteristically non-excludable, or 
‘public’, in economic terms. 
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2.2.5 Ecosystem services: methodological issues 
In scientific research, analogy is often used to look at an object of inquiry in a different way, 
“based on the principles and laws which underlie its functioning” (Ritchey, 1991, p. 40). 
Reasoning by analogy is methodologically problematic if it is used to explain how specific 
parts of a system relate to one another (Ritchey, 1991). The ecosystem services concept is 
an analogy, which re-casts ecological processes and functions in terms of economic 
concepts. This analogy is most useful in a very broad sense; for example to highlight to non-
experts that ecosystems produce a variety of processes that ‘serve’ human beings. As 
argued in the preceding section, however, we cannot use an atomistic and linear ‘services’ 
analogy to understand the “fundamental principles and laws” that underlie the functioning of 
complex ecological systems. If we do so, we risk introducing into our explanation “quite 
arbitrary conceptions” that in turn lead to “results which either miss the point completely, or, 
at best, make it difficult to determine if we are, at all, on the right track” (Ritchey, 1991, p. 
32). Two examples of the arbitrariness of the ecosystem services concept are provided 
below. 
 
By definition, ecosystem services are those ecological processes that benefit humans 
(Costanza et al.1997; Daily, 1997). Ecosystem processes are biophysical and thus tangible. 
But if they are tangible, they cannot be ‘services’, because a service is by definition 
“intangible” (see Section 2.2.3). The dialectic between tangible processes and intangible 
services is made explicit by Fisher et al. (2009, p. 645), who state that “The functions or 
processes become services if there are humans that benefit from them. Without human 
beneficiaries they are not services”.  
 
The problem with this statement is exemplified by the ‘service’ of pollination. De Groot et al. 
(2002) separate the pollination service into two categories: the pollination of crops; and the 
pollination of wild plant species. One would assume from Fisher et al. (2009) that the 
pollination of pest plant species (weeds) that are not beneficial to humans is not considered 
to be a ‘service’. Let us say, however, that these weeds attract a caterpillar that preys on 
them. In turn, the caterpillars attract wasps. The wasps prey on the caterpillars that are 
attracted to the weeds, but they also prey on other insects that are attacking local crops. 
Based on Fisher et al. (2009) at this point, pollination of the wild pest plants is now 
considered a ‘service’. Unfortunately though, the insects providing the pest control service 
for the crops attract small birds. The birds quickly decimate the wasp population, and then 
cause severe damage to the crops. With the loss of the wasps, the caterpillar population 
explodes and the pest plants are all devoured. The caterpillars now move onto the new 
variety of crops that have been planted in place of the ones damaged by the birds, which 
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have flown off because there were no wasps or crops left to eat. How are we to determine if 
the pollination of the wild pest plants is a service or not, let alone what exact value this 
service added, if any, to human benefit? Moreover, the fictitious scenario described above is 
basically linear, that is: pollination  weeds  caterpillars  wasps  birds. Ecosystems 
and the processes they produce, including ecosystem services, are complex and thus not 
able to be segregated into discrete units and linear processes, as is suggested by the fiction 
related above.  
 
The dialectic between tangible processes and intangible services is also apparent when one 
considers the categorization of ecosystem services. The MA, for example, classifies 
ecosystem services as: “provisioning services such as food, water, timber, and fiber; 
regulating services that affect climate, floods, disease, wastes, and water quality; cultural 
services that provide recreational, aesthetic, and spiritual benefits; and supporting services 
such as soil formation, photosynthesis, and nutrient cycling” (Alcamo and Bennett, 2003, p. 
v).  Each of the four categories of services is an intangible concept, yet the examples of 
services within each category are tangible processes. When it comes to ‘on ground’ actions, 
however, discrete, intangible economic ‘services’, such as the provision of timber, cannot be 
separated from climate, soil formation, photosynthesis, nutrient cycling and other 
interconnected, tangible ecological processes. This point is perhaps best illustrated by 
comparing the economic and ecological value of a tree. Economically the value of the timber 
‘provided’ by the tree in question is simply derived. That is, it is represented as a discrete 
monetary quantum that is determined by current supply and demand in a timber market. But 
determining the same tree’s ecological value is not so simple. Indeed, it may not even be 
possible to accurately calculate the ecological value of the tree, due to complexity. More 
precisely, how is the ecological value of the tree’s role in climate regulation, nutrient cycling, 
habitat provision, soil formation, and erosion control/mitigation able to be comprehensively 
represented in economic terms? And what is the value of the tree in terms of producing more 
of its own species and in the evolution of its own and other species?  
 
The point here is that we are dealing with complex, interconnected and tangible biophysical 
phenomena. To ensure long term human well-being within the natural systems we depend 
upon, natural resource governance regimes must therefore be based on conceptual 
frameworks that robustly account for ecological integrity (Olsson et al, 2006; Kay, 1993).    
 
The conceptual issues confronting the ecosystem services approach relating to economic 
non-excludability, ecological complexity and arbitrariness are symptoms of the use of a 
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questionable analogy for explaining and/or understanding social-ecological systems7. Even 
so, what may be the best economic analogy for considering and dealing with complex 
ecological and social systems is located within the seminal ecosystem services article of 
Costanza et al. (1997, p. 254):  
 
It is also important to recognize that a minimum level of ecosystem 
‘infrastructure’ is necessary in order to allow production of the range of 
services shown in Table 1. Several authors have stressed the importance 
of this ‘infrastructure’ of the ecosystem itself as a contributor to its total 
value. This component of the value is not included in the current analysis. 
 
This statement from Costanza et al. (1997, p. 254) affirms the “necessary” role of 
ecological infrastructure8 in the “production” of ecosystem services. More precisely, 
whether or not ecosystem services are valued economically, social-ecological systems 
will continue to survive and prosper, as long as ecological infrastructure is maintained 
at sufficient levels to ensure continued ecosystem services production. This means that 
ecological infrastructure is “prior” to the ecosystem services it produces (Turner and 
Pearce, 1993, p. 186). Yet 17 years after the primacy of ecological infrastructure was 
acknowledged by Costanza et al. (1997), the concept of ecological infrastructure 
remains largely unconsidered in the literature. Considering this length of time and the 
well-recognized link between economic capital, infrastructure and services, the lack of 
effort directed towards exploring a similar link between natural capital, ecological 
infrastructure and ecosystem services is somewhat surprising. The remainder of this 
chapter is devoted to addressing this gap. 
 
2.3 Ecological infrastructure: definition and description 
2.3.1 Introduction  
The term ‘ecological infrastructure’ was introduced and elaborated in government policy 
reports in 1977 and 1981 in the Netherlands (Van Selm, 1988 (a), (b)). It has been mainly 
used as a design concept for the incorporation of ecological features such as ‘corridors’ and 
‘networks’ into human infrastructure projects (Wang et al. 2008; Xuesong and Hui, 2008; 
                                               
7
 This thesis focuses on a single methodological issue at the foundation of the ecosystem services 
concept: the incorrect use of analogy. For a comprehensive discussion of the methodological 
problems associated with the use of ecosystem services valuation for conservation decision making 
see Spangenberg and Settele (2010). 
8
 For the purposes of this thesis, the term ‘ecological infrastructure’ is preferred over ‘ecosystem 
infrastructure’, because it connotes a broader conceptualization, which includes external as well as 
internal ‘infrastructures’, whereas ‘ecosystem infrastructure’ might be seen to refer more to the 
internal infrastructure of a specific ecosystem. 
18 
Morrish, 1995). However, some authors are now arguing that ecological infrastructure can 
also be used to depict the various underlying features of the terrestrial and aquatic 
ecosystems that produce the clean air, clean water and biodiversity that is critical to the long 
term health and well-being of natural and human systems alike (Postel, 2008; Quinn and 
Tyler, 2007). The term ‘ecological infrastructure’ is thus beginning to gain traction in NRM 
policy making at various levels of governance. For instance, the South African National 
Biodiversity Institute (SANBI) (SANBI, 2014, p. 2) argues that ‘ecological infrastructure’ is a 
more tangible concept to grasp than ecosystem services, because it enables stakeholders 
“to focus on very discrete elements in the landscape which required attention”. In addition, 
the term ‘infrastructure’ appeals to stakeholders working in national and local planning and 
on various forms of built infrastructure (SANBI, 2014). As the above quotation from SANBI 
(2014) suggests, NRM policy based on the concept of ecological infrastructure is mainly 
concerned with the restoration of degraded systems. The Society for Ecological Restoration 
(2014), Warner (2011) and the Water and Carbon Group (2014) are other examples of NRM 
planning that use the term ecological infrastructure as a heuristic device.       
 
As well as the references to ‘ecological infrastructure’ above, the concept appears in various 
other forms. Costanza et al. (1997 p. 254) for example, refer to “ecosystem infrastructure.” 
‘Environmental infrastructure’ and ‘green infrastructure’ are also used in the literature (Low 
Choy, 2005; Heid, 2004; Randolph, 2004; Benedict and McMahon 2002). For the most part, 
the concept is used in a similar way to the initial use of ‘ecosystem services’. That is, to 
differentiate natural environments, such as forests, rivers, wetlands and coral reefs, from 
human ‘built’ environments. Another usage is to describe the ‘greening’ of built or ‘grey’ 
infrastructure, such as the gardens that are planted on the rooftops of ‘eco-friendly’ hi-rise 
buildings. As far as I can determine, there have been few attempts to conduct a close 
examination of the structure and function of ‘ecological infrastructure’ in terms of ecosystem 
services production9. The following sections present a systematic development of the 
concept of ecological infrastructure from a vague notion into an ecologically robust, 
economic analogy for ecosystem functioning.  
2.3.2 ‘Infrastructure’: definition, role and features 
Because there is no formally recognized definition of ‘ecological infrastructure’, the logical 
point of departure for concept development is the term ‘infrastructure’. ‘Infrastructure’ is 
widely recognized by citizens of developed and developing countries alike. This is because 
without infrastructure little or none of the socio-economic services that modern societies 
enjoy (and often take for granted) would be available. The word ‘infrastructure’ comes from 
                                               
9
 For example the “glue value”, or “TPV”, of ecosystems referred to by Turner and Pearce, (1993, p. 
187) could be considered as ‘ecological infrastructure’. 
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the Latin infra (below or under) and structūra (to put together) (Oxford English Dictionary, 
2014). The term originated from France, where it was used specifically in relation to the 
military installations of a country (Oxford English Dictionary, 2014), but it has been used 
since 1927 to refer to “the basic physical and organizational structures needed for the 
operation of a society or enterprise” (Oxford Dictionaries, 2014). More recently, infrastructure 
has been used in a broader sense, to refer to “the basic, underlying framework or features of 
a system” (Dictionary.com, 2009).  
 
From an economic perspective, infrastructure is part of ‘capital’ (Hawken et al. 1999). Capital 
is broadly defined as the mass of economic goods, or accumulated wealth, possessed at a 
given point of time (Hawken et al. 1999; Cannan, 1897). Roads, communications towers, 
power stations and dams are some of the more visible attributes of ‘built infrastructure’. 
Many people across the globe now have direct and regular access to the variety of socio-
economic services that built infrastructure provides. Indeed, transport, energy, 
communications and water infrastructure are now used by so many humans, so often, that 
they are considered to be ‘essential’ (Australian Government, The Treasury, 2004). A large 
proportion of built infrastructure remains out of sight. Most of us probably have little 
understanding of the exact form and function of the hidden, yet extensive systems that 
provide telecommunications, energy, reticulated water and sewerage services. 
Consequently, it is left to experts, who do have a thorough knowledge of the various systems 
and processes involved, to develop, coordinate and maintain our built infrastructure, so that 
it will accommodate the demands of growing populations. Conceptually, built infrastructure is 
reducible to various features, or elements, such as transport, communications, energy and 
water (Table 2.1).  
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Table 2.1:  Essential built infrastructure elements, systems, and services. 
   
Element* System Service 
Transport 
Pedestrian, road, rail, 
aviation, shipping 
Despatch, delivery, receipt 
of goods/services; travel 
Communication 
Telephone, radio, 
television, postal, internet, 
satellites 
Information storage and     
exchange 
Energy 
Power stations,                    
power lines,          
appliances 
Generation, storage and 
transmission of energy 
Water 
Dams, channels, tanks,        
pipes, treatment plants 
Storage and distribution of 
water for urban, agriculture 
and industry use 
* Defence, education, health, housing and industry are other key built infrastructure ‘elements’ for 
modern societies. 
 
In terms of function, each built infrastructure element constitutes a range of systems, which 
combine to produce essential socio-economic services (Table 2.1). A characteristic feature 
of built infrastructure is the significant level of human investment required to maintain and 
upgrade existing infrastructure and to develop new infrastructure (Figure 2.6). 
 
 
Figure 2.6: Functions of built infrastructure.  
Built infrastructure is reducible to various key elements, each of which constitutes a range of systems. 
Together the systems contribute towards the production of socio-economic services for human 
benefit. Significant human investment is required to maintain and enhance the performance of built 
infrastructure. Materials, energy and information flows are represented by grey, blue and red arrows. 
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By simply adding the adjective ‘ecological’ to the broad definition of ‘infrastructure’, 
ecological infrastructure can be initially defined as ‘the basic underlying framework or 
features of ecological systems’. This conception of ecological infrastructure can also be 
framed in terms of elements, systems and services (Table 2.2).  
 
 Table 2.2: Ecological infrastructure elements, systems, and services.  
 
Element*                System                              Service 
 
 
Rivers River    
ecosystems 
Water transport and delivery   
to other elements                          
and ecosystems 
Soils Soil 
ecosystems 
Support medium; water 
storage and supply, nutrient 
provision; waste treatment  
and removal 
Aquifers Aquifer 
ecosystems 
Water capture; water storage, 
purification and dilution 
Wetlands Wetland 
ecosystems 
Water storage, filtration and 
purification 
* Also includes catchments, forests, floodplains, estuaries and other terrestrial and aquatic    
elements. 
 
As with built infrastructure, ecological infrastructure elements constitute a range of systems, 
in this case ‘eco-systems’, which contribute towards the production of essential services, 
such as water delivery, storage and purification, nutrient storage and supply, and waste 
treatment and removal (Costanza et al. 1997; Daily, 1997) (Table 2.2). Figure 2.7(a) depicts 
ecological infrastructure functioning without human disturbance. Unlike built infrastructure, 
ecological infrastructure does not require human investment to maintain its integrity over the 
long term. 
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Figure 2.7: Ecological infrastructure without and with human disturbance.  
(a) ‘Undisturbed’ ecological infrastructure can be conceptualized in terms of key elements, (eco)-
systems and (ecosystem) services. Here, all ecosystem services ‘feed back’ into the elements and 
ecosystems. (b) When ecological infrastructure is exploited by humans, socio-economic systems 
draw on ecosystem services to produce a wide range of human benefits. This reduces the quantity 
and quality of the feedbacks to infrastructure elements and systems, as depicted by the thinner 
arrows in (b) compared to (a). Flows and feedbacks of materials, energy and information among and 
within ecological elements, systems and services are represented by solid and dashed arrows. These 
flows and feedbacks can be broadly referred to as ‘ecological connectivity’. 
 
Figure 2.7(b) represents an environment that is being exploited for human benefits. 
Compared to Figure 2.7(a), the arrows between and within the elements, systems and 
services in Figure 2.7(b) are narrower. These narrower lines represent changes in ecological 
connectivity10. Maintaining connectivity is essential for sustaining the integrity of the system11 
in Figure 2.7. Indeed, once a certain level of connectivity is lost total system breakdown, or 
an irreversible change in system state can occur (see Figure 2.8 and Figure 2.9 below). 
Figure 2.7 is a highly generalized abstraction, but it provides a useful insight into the 
underlying causes of environmental degradation, such as dryland salinity (Figure 2.8).  
                                               
10
 In landscape ecology, “connectivity” refers to the number of connections between components: the 
more connections, the greater the connectivity (McDonnell and Pickett, 1988). “Connectedness” is 
related to size, distance, presence of corridors, frequency of types of intersections and mesh size of 
networks (Baudry and Merriam, 1988). For simplicity, connectivity and connectedness together will be 
referred to as ‘connectivity’. 
11
 A system is defined by: (1) its components; and (2) the interactions among them. System integrity 
implies maintenance of system components, the interactions among them and the resultant 
behaviour, or dynamic of the system (as a whole) (King, 1993, p. 25). 
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Figure 2.8: The process of dryland salinization.  
Replacing native vegetation with shallow rooted annual crops and pastures has led to substantial 
increases in the amount of water 'leaking' deep into the soil below the active rootzone. The 
consequences are rising groundwater levels and dryland salinity (Walker et al. 1999) (© 1999 
Commonwealth Scientific and Industrial Research Organization (CSIRO) Land and Water). 
 
Figure 2.8 illustrates the process of dry land salinization. When ecological infrastructure is 
functioning naturally, deep rooted native vegetation maintains ground water at a level many 
metres below the surface through transpiration (Figure 2.8(a)). But removal of native 
vegetation for cropping reduces the transpiration ‘service’ provided by deep rooted trees and 
results in rising ground water levels. As the water table rises, unsaturated zone salts are 
mobilized and rise with the ground water, eventually reaching the root zone, which for most 
crops is now much shallower (Figure 2.8(b)) (Walker et al. 1999). In severe cases of dry land 
salinity, large areas of soil, vegetation, ecosystems and their ecosystem services are 
completely lost (Figure 2.9).  
 
(a)
(b)
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Figure 2.9: The results of severe dryland salinity.  
Fence posts on an expanse of saline land are the only remnants of a once productive agro-ecological 
system; Western Australian wheatbelt, near Meckering, WA (Photographer Willem van Aken, © 
CSIRO Land and Water, 1981). 
 
A slight modification of Figure 2.7 frames the dryland salinity problem illustrated in Figure 2.8 
as that of a lack of understanding and/or a lack of consideration of the importance of 
ecological connectivity (Figure 2.10).  
 
 
Figure 2.10: Rising groundwater due to disconnecting ecological infrastructure.  
(a) Native trees and soils provide transpiration and evaporation ‘services’, which effectively connect 
groundwater systems to the atmosphere. (b) Removing native trees and their transpiration ‘service’ 
reduces connectivity and results in rising groundwater. 
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The applicability of Figure 2.7 to the issue of dryland salinity indicates that the 
proposed model of ecological infrastructure shows promise, with respect to providing 
an ecologically sound, economic conception of ecosystem functioning. Indeed, the 
‘elements, systems and services’ analytical framework is not only applicable to built 
and ecological infrastructure at a general level; it also appears to be scalable (see 
Chapter 6). In relation to contemporary socio-economic development, however, there 
is a major difference between built infrastructure, which is developed for human 
benefits, and ecological infrastructure, which is exploited for human benefits (Figure 
2.11). 
 
 
Figure 2.11: Current approaches to built and ecological infrastructure investment.  
(a) Significant human investment is required to maintain and enhance the performance of built 
infrastructure. (b) Socio-economic systems draw on ecosystem services to produce a wide range of 
human benefits, but humans do not invest adequately in ecological infrastructure (Bristow et al. 2010). 
 
Citizens of modern societies readily accept the need to invest in built infrastructure to 
maintain and increase the delivery of various socio-economic services for growing 
populations (Figure 2.11(a)).Globally, financial investments in built infrastructure add up to 
hundreds of billions of dollars per annum (World Bank, 2010). It is also widely recognized 
that, as populations continue to grow and living standards rise, humans and their associated 
built infrastructure will place increasing demands on ecological infrastructure, in terms of its 
capacity to deliver essential ecosystem services (MA, 2005). Yet, while the level of 
investment in built infrastructure has been ever-increasing, we have not been investing 
sufficiently in our ecological infrastructure (Bristow et al. 2010) (Figure 2.11(b)). This has 
resulted in the degradation and loss of ecosystem services on a global scale (EcoSummit 
Scientific Committee, 2012; MA, 2005). Ensuring sustainable development outcomes for an 
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increasing global population must therefore include a substantial investment in global 
ecological infrastructure.   
2.3.3 ‘Investing in ecological infrastructure’ 
The term ‘invest’ means “to purchase now, anything from which interest or profit is expected, 
in order to hold this for the sake of the interest, dividends, or profits accruing from it” (Oxford 
English Dictionary, 2010). From an economic perspective, financial capital is invested in 
infrastructure (Hawken et al. 1999), which in turn provides socio-economic services. This 
process can be directly translated into the natural capital/ecosystem services lexicon: part of 
natural capital is ‘invested’ in ecological infrastructure, which produces ecosystem services 
(Fisher et al. 2009). To survive and prosper, socio-economic systems must exploit 
ecosystem services, thus reducing the quantity and quality of services available to support 
the maintenance of ecological infrastructure (Figure 2.7). If ecosystem services are 
overexploited - in other words degraded or used at a greater rate than that at which they can 
be naturally replenished - not only is the quality and quantity of ecosystem services reduced, 
but the capacity of ecological infrastructure to continue to produce ecosystem services is 
also diminished (Cairns, 2005; Wackernagel et al. 2002).  
 
Given the ‘wicked’ problem12 of population growth, increasing resource consumption and 
diminishing ecological infrastructure, merely maintaining existing ecosystem functioning is 
not enough to ensure the well-being of future generations. In general terms, humans must 
therefore ‘make up the short fall’ in ecological infrastructure capacity, which we have created 
by over-exploiting ecosystem services (Hawken et al. 1999) (Figure 2.12 (b)).  
  
                                               
12 ‘Wicked problems’ defy resolution, because they are characterized by “enormous 
interdependencies, uncertainties, circularities, and conflicting stakeholders implicated by any effort to 
develop a solution” (Lazarus, 2009, p. 107).  
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Figure 2.12: Maintaining sufficient flows of services for current and future human needs.  
(a) People recognize the need to invest in built infrastructure for socio-economic services. 
(b) Population growth, increasing resource consumption, and diminishing ecological integrity on a 
global scale (MA, 2005) mean that significant human investment in ecological infrastructure is now 
required to maintain sufficient flows of ecosystem services for future human needs. 
 
More specifically, effective investments in ecological infrastructure will require policy 
objectives, actions and outcomes to be focused on identifying those areas that are most 
suitable for development, not just in terms of economic cost/benefit, but also in terms of 
maintaining the resilience and regenerative capacity of natural systems to continue to 
support social-ecological needs. In terms of strategic approach, investing in ecological 
infrastructure will involve: (1) developing a better understanding of the nature of ecological 
infrastructure (Likens et al. 2009); (2) strategic and targeted restoration of degraded or 
degrading ecological infrastructure; (3) maintaining the resilience and regenerative capacity 
of comparatively ‘undisturbed’ ecological infrastructure; and (4) finding ways to enhance the 
capacity of some ecological infrastructure to deliver certain ecosystem services (Hawken et 
al. 1999), for example the ecological infrastructure of soils can be enhanced through carbon 
investment strategies (Bristow et al. 2010).  
 
Effective investment in ecological infrastructure also requires a more complete integration of 
built and ecological infrastructure. Built infrastructure must contribute to the integrity of 
ecological infrastructure, or at least minimize the human impacts on it. Irrigation mosaics 
(Paydar et al. 2007), greening the roofs of city apartments and offices blocks (Green Roofs, 
2010), and construction of artificial wetlands to treat human and animal derived wastewater 
and urban and highway runoff (Shutes, 2001) are contemporary examples of integrating built 
and ecological infrastructure. Another example is mine site rehabilitation programs; although 
these rehabilitation efforts usually fail to completely restore natural ecosystem function 
(AngloGold Ashanti, 2009). All these examples are a step in the right direction. However, 
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when viewed alongside the extent of environmental degradation worldwide (EcoSummit 
Scientific Committee, 2012; MA, 2005) current levels of ecological infrastructure investment 
are not sufficient to ensure the well-being of a global population that will have expanded to 
more than 9.5 billion by 2050 (United Nations, Department of Economic and Social Affairs, 
Population Division, 2013).  
2.4 Conclusion 
The concept of ecological infrastructure (Figure 2.7) accounts for the public nature of 
complex ecosystems and the processes they produce. It thus provides an economically, 
ecologically and methodologically robust analogy of the delivery of ecosystem services to 
socio-economic systems, and thereby strengthens the economic ecosystem services ‘logic’. 
The concept of investing in ecological infrastructure also provides a more refined 
conceptualization of the relationship between natural capital and ecosystem services. 
Specifically, ecosystem services do not “flow” directly from natural capital, as Costanza et al. 
(1997, p. 254) suggest; part of natural capital is ‘invested’ in ecological infrastructure, for the 
production of ecosystem services.  
 
With respect to social-ecological systems, the key word in the preceding sentence is 
‘invested’. Human societies invest in built infrastructure, such as roads, communications 
networks, power stations and dams, for the future benefits, dividends or profits that will be 
provided. If humans wish to continue to exploit what are, in many parts of the world, already 
degraded ecosystem services, we must invest in restoring, maintaining and enhancing the 
ecological infrastructure that produces these services. It is therefore proposed that ‘Investing 
in ecological infrastructure’ be formally defined as: to pay now to restore, maintain and 
enhance ecological elements, systems, services and connectivity, in order to retain sufficient 
ecosystem functioning to ensure the well-being of future generations.  
 
The formal definition and the diagrammatic representation of investing in ecological 
infrastructure (Figure 2.12 (B)), bring this thesis a step closer towards accomplishing its aim. 
The task for the remaining chapters is to test the applicability of ‘investing in ecological 
infrastructure’ in a ‘real world’ social-ecological context, and to use the information gathered 
to support, reject or refine the proposed conceptual framework. 
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Chapter 3 - Research design 
3.1 Introduction 
The aim of this thesis is to produce a model for socio-economic development that accounts 
for the public nature of ecosystem functioning. Chapter 2 argues that the concept of 
investing in ecological infrastructure provides such a model. However, if investing in 
ecological infrastructure is to contribute towards addressing economic growth-driven, global 
environmental degradation, it must be readily adopted by stakeholders. Assessing a range of 
stakeholders’ views on the applicability of investing in ecological infrastructure is therefore 
an important aspect of concept development. Given the time and resources available for this 
PhD study, a global or even national assessment of the adoptability of investing in ecological 
infrastructure is not plausible. Case study methodology, however, provides a means to 
extract useful data with the resources that are available. The following chapter presents the 
rationale for the selection of case study methodology and for the selection of the Lower 
Burdekin region as the case in question. This is followed by a discussion of the methods 
used to generate and analyse the data.  
3.2 Case study methodology 
3.2.1 Case study methodology: a brief history 
The case study research method is defined as an empirical inquiry that investigates a 
contemporary phenomenon within its real-life context (Yin 1984, p. 23). The first case 
studies appeared around 1900, initially within the discipline of anthropology. Early case 
study research was based on field studies of other cultures and used participant observation 
as the predominant method of data collection. Descriptions of individuals within medicine, 
social work and psychology, often called ‘case work’ or ‘case history’ provided another 
avenue for case study research (Johansson, 2003).   
 
After World War 2 the philosophy of science was dominated by logical positivism. Positivism 
and quantitative methods were considered to be ‘scientific’ and qualitative methods, 
including case studies, were criticised for being ‘non-scientific’ (Johansson, 2003). As the 
use of quantitative methods advanced, the use of case study as a research methodology 
declined (Tellis, 1997). However, by the 1960s researchers were becoming concerned about 
the influence of the natural sciences on social science methodology (Tellis, 1997) and in the 
late 1960s a second generation of case study methodology began to emerge. Grounded 
theory was the first type of research methodology to emerge within this second generation of 
case studies (Johansson, 2003). Grounded theory is based on using detailed procedures, 
including combined qualitative and quantitative techniques, to analyse qualitative data 
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(Strauss and Corbin, 1994). This methodology explicitly involved “generating theory and 
doing social research as two parts of the same process” (Glaser, 1978, p. 2; cited in Strauss 
and Corbin, 1994).   
 
The next step for case study methodology was taken by Robert Yin, who transferred 
experimental logic into the field of naturalistic inquiry and combined it with qualitative 
methods (Johansson, 2003). Since then the development of case study methodology has 
been directed by “eclecticism and pragmatism” and case study methodology now “bridges 
the methodological gap in the social sciences” (Johansson, 2003, p. 7).  
3.2.2 Case study methodology: rationale 
Case studies are often used when ‘how’ or ‘why’ questions are being posed (Soy, 2003). As 
an empirical approach, a case study is used to collect evidence that will provide an 
understanding of a process and its complexities in its particular context; that is, its physical 
and social setting (Mason, 2004; Yin, 2003; Robson, 2002). A case study approach is 
therefore suitable for exploring ‘how' the concept of investing in ecological infrastructure can 
be understood in the context of a dynamic and complex social-ecological setting (Baldwin, 
2008).  
 
Social phenomena are multi-dimensional. The use of ‘triangulation’ or the combination of 
different techniques, methods, strategies, or theories to examine the same phenomenon 
affords a more rigorous test of supporting evidence and reduces the chance of researcher 
bias (Denzin and Lincoln, 2000). Triangulation thus provides an important way of enhancing 
the validity of case study research (Mason, 2004). Most often data collection methods are 
triangulated, but contrasting data sources, theories, or investigators can also be triangulated 
(Denzin, 1978). The design for the case study undertaken by this thesis was based on two 
different research methods: an historical analysis (Chapter 4); and a series of focus group 
interviews (Chapter 5). The historical analysis gathered secondary data and was employed 
to accomplish two tasks. Firstly, it would elucidate how ecological and built infrastructure in 
the study site developed over space and time, and thus provide an understanding of the 
nature of past perceptions and actions, in relation to investing in ecological infrastructure. 
The historical data would also provide critical background information for the focus group 
interviews that followed. The focus groups were designed to gather primary data on current 
stakeholders’ perceptions of investing in ecological infrastructure. The combination of an 
historical analysis and focus group interviews enhances the validity of the Lower Burdekin 
case study, via the use of two different research methods and two different sources of data. 
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3.2.3 Rationale for selecting the Lower Burdekin case  
Cases can be selected on the basis of intrinsic interest in the case as such. In this instance 
the researcher focuses on understanding the case and has no interest in generalising the 
findings (Johansson, 2003). Alternatively, a case may be purposefully selected because it is, 
for example, information-rich, critical, revelatory, unique, or extreme (Stake, 1995; Patton, 
1990). If a case is purposefully selected, then there is an interest in generalising the findings. 
Generalisations from cases are analytical. In other words, they are not statistical, but based 
on deduction, induction, abduction or a combination of these principles (Johansson, 2003).  
 
Like many irrigation areas, the history of the Lower Burdekin is characterized by significant 
ecological and socio-economic change. The Lower Burdekin was purposefully selected as 
the study site for this project because there is a wealth of readily accessible secondary 
data13 on the development of the ecological and socio-economic systems in the region over 
time. In addition, within the chosen study site there are a number of locations that are readily 
accessible to the researcher and the focus group participants.  
 
Conclusions drawn from the Lower Burdekin case study were not able to be generalized. 
Comparative analysis of many cases can, however, enable us to make generalizations about 
the underlying processes that shape social-ecological systems over time (Walker et al. 
2006). The two research methods adopted for the Lower Burdekin study can be replicated 
across a range of social-ecological contexts should the opportunity for a more 
comprehensive research undertaking arise. A more detailed rationale for the use of an 
historical analysis and focus group interviews is presented below. But first it is necessary to 
provide the reader with a broad overview of the social-ecological context within which this 
research was undertaken. 
3.2.4 The Lower Burdekin social-ecological context 
Ecological and built infrastructure: key features 
The Lower Burdekin region is one of six sub-catchments in the Burdekin Basin and it 
constitutes the floodplain for four major river basins. The Upper Burdekin, Belyando/Suttor 
and Cape/Campaspe Rivers feed into the Burdekin Falls Dam, and the Bowen/Broken 
Rivers enter the Burdekin River below the dam (Figure 3.1). 
 
                                               
13 See for example - Burdekin Dry Tropics Board, 2004. Water management in the Lower Burdekin -
Annotated bibliography. 51 pp. 
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Figure 3.1: Burdekin catchment map.  
(Courtesy Keith Bristow). 
 
The Lower Burdekin sub-catchment is divided into the delta and the Burdekin Haughton 
Water Supply Scheme (BHWSS). The lateral extent of the delta roughly corresponds with 
the boundaries of the North and South Burdekin Water Boards (NBWB and SBWB) and the 
BHWSS is immediately to the west of the delta (Figure 3.2).   
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Figure 3.2: Satellite image of the Lower Burdekin showing the delta and the BHWSS. 
The delta lies within the boundaries of the NBWB and SBWB, and the BHWSS includes the irrigation 
districts of Millaroo and Dalbeg (Petheram et al. 2008). 
 
The Burdekin Shire occupies an area of 5058.3 square kilometres, approximately 0.3% of 
the total area of the state of Queensland (Queensland Treasury, 2012). As at the 2011 
census, the population of the Burdekin Shire was 17,784 people, 11,906 of whom resided in 
Ayr (8883) and Home Hill (3023). Brandon (1270 people), Giru (628 people) and Jarvisfield 
(525 people) are the only other settlements with more than 500 residents (Burdekin Shire 
Council, 2014) (Figure 3.2).  
 
Inkerman
Brandon
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The weather conditions in the Lower Burdekin are characterised by a high degree of 
seasonality and can be broadly described as tropical sub-humid (Burdekin Project 
Committee, 1977). The average annual rainfall for the region is 955 millimetres (at Ayr) 
(Bureau of Meteorology, 2012), but rainfall variability is high, with more than 75% of the 
annual average rainfall occurring during summer. Average evaporation in the region ranges 
from 1,800 to 2,000 millimetres per year. When the evaporation level is coupled with the 
degree of rainfall variability, it becomes apparent that irrigation is essential for agricultural 
production in the Lower Burdekin, even in the wet season (Fleming et al. 1981).  
 
The Burdekin River channel ranges between 500 to 2,000 metres in width, with banks up to 
20 metres above the channel bed (Alexander and Fielding, 2006). The average annual 
outflow of the Burdekin Basin is 9,000,000 megalitres (ML), but actual outflows can be much 
higher during significant flood events, which occur during the wet season around every four 
to ten years (Devlin and Brodie, 2005). Three weirs have been constructed on the Burdekin 
River in the Lower Burdekin region. The Gorge Weir, the Blue Valley Weir and Clare Weir 
were completed in 1953, 1963 and 1979 respectively (Figure 3.3). The Burdekin Falls Dam 
was completed in 1987. It is the primary storage in the Burdekin catchment and, with a total 
capacity of 1.86 million ML, the Burdekin Dam is the largest storage in Queensland (Figure 
3.3). 
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Figure 3.3: The Burdekin Haughton water supply distribution system locality map. 
(SunWater, 2012). 
 
A key element of the Lower Burdekin’s ecological infrastructure is its coastal floodplain 
groundwater system, which underlies a geographic area of 1,600 square kilometres 
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(Lenahan and Bristow, 2010). The shallower parts of the aquifer are hydraulically connected 
to the Burdekin River (Petheram et al. 2008) and also to deeper groundwater, which resides 
in Pleistocene14 sediments (Lenahan and Bristow, 2010). The seawater/groundwater 
interface extends inland beneath the floodplain up to where the groundwater table in the 
lower Burdekin is two metres above mean sea level (Fass et al. 2007).  
 
The Lower Burdekin is home to one of the largest concentrations of wetlands in eastern 
Australia. These areas support nursery habitats for juvenile fish of commercial and 
recreational value and provide breeding grounds for numerous waterbirds (Beare et al. 
2003). The wetlands are thus highly significant cultural and environment constituents of the 
Lower Burdekin’s ecological infrastructure. In 1993 the Bowling Green Bay wetlands were 
instated on the Ramsar15 List of Wetlands of International Importance, due largely to their 
ecological values and waterbird populations (Ramsar, 2012). The littoral zone of the 
Burdekin area is one of the most prolific bird habitats in North Queensland (Fleming et al. 
1981). Just beyond the littoral zone, the estuaries and near shore zone are the habitats of 
many species of fish.  Mangrove jack, barramundi, bream, flathead and whiting are the main 
species targeted by recreational and commercial fisherman (Fleming et al. 1981). Beyond 
the near shore zone, some 57 kilometres east of the Burdekin estuary, lies the Great Barrier 
Reef (GBR), one of the most productive ecosystems on earth (Marshall, 1964).  
 
With approximately 80,000 hectares of land currently under irrigation, the Lower Burdekin is 
northern Australia’s largest irrigation district. There are three major irrigation areas in the 
region (Petheram et al. 2008) (Figure 3.2): 
1. On the relatively fertile soils of the delta; 
2. On the alluvial floodplains of the BHWSS; and 
3. On the discontinuous alluvial deposits within the meanders of the Burdekin River; 
that is, the irrigation districts of Dalbeg and Millaroo. 
Over 80% of the Lower Burdekin irrigation area is devoted to growing sugar cane, which is 
processed, or ‘crushed’, by the region’s four sugar mills. To maintain their economic viability, 
the mills established a system of long-term ‘assignments’ with cane growers, who agreed to 
supply a certain quota of cane to a particular mill. In order to fulfil their obligations, cane 
                                               
14
 The Pleistocene period lasted from 2.588 million years ago until 11,700 years ago (US Geological 
Society, 2010). 
15
 The Convention on Wetlands of International Importance, called the Ramsar Convention, is an 
intergovernmental treaty that provides the framework for national action and international cooperation 
for the conservation and wise use of wetlands and their resources. The Ramsar Convention is the 
only global environmental treaty that deals with a particular ecosystem. The treaty was adopted in the 
Iranian city of Ramsar in 1971. The Convention's member countries cover all geographic regions of 
the planet (Ramsar, 2012). 
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growers must have a certain percentage of their land under cane at any one time, and this is 
one of many factors for the predominance of sugar cane in the Lower Burdekin (Petheram et 
al. 2008).  
 
Approximately 95% of the sugarcane in the Lower Burdekin is furrow irrigated (Charlesworth 
et al. 2002(a)). Furrow lengths range from 400 metres to 500 metres in the delta region and 
from 800 metres to 1,200 metres in the BHWSS, which was developed after the advent of 
laser levelling technology. In general, crops in the BHWSS are mainly irrigated with surface 
water, whereas most areas in the delta use groundwater (Figure 3.2). At present, more than 
2,000 groundwater pumps are in operation. These pumps supply the equivalent of 1,000 - 
4,000 millimetres of rainfall per year (Lenahan and Bristow, 2010). The adoption of more 
efficient irrigation technologies in the Lower Burdekin is generally resisted because of the 
high capital costs of irrigation infrastructure and reconfiguring farm lots to support alternative 
technology, such as lateral moving sprinklers (Petheram et al. 2008). Smaller areas of 
horticultural crops, including mangoes, rockmelons and sweet corn, are generally located in 
the BHWSS (Petheram et al. 2008). 
 
Tourist accommodation and commercial and recreational fishing are other significant 
industries in the immediate area (Beare et al. 2003), together with the aquaculture industry. 
While contributions from tourism in the Lower Burdekin are relatively small, tourism in the 
offshore greater Great Barrier Reef region is valued at more than six billion dollars per 
annum (Access Economics, 2007). 
 
The most significant economic issue for the Lower Burdekin is the region’s almost complete 
reliance on sugar production for income. Indeed, one could say that the economic security of 
the Lower Burdekin is tied to the world sugar price. Efforts are being made to diversify the 
region’s economy, but sugar production is likely to remain the major source of income, at 
least over the short term. 
Key ecological issues  
In terms of overall ecological processes and functions, the Burdekin Falls Dam has reduced 
peak wet season flows and increased low dry season flows due to releases of dam water for 
human use. Even in the short period of observations since the completion of the Burdekin 
Falls Dam, it is evident that the greatest change to the flow regime downstream from the 
dam is related to dry season low flows, which are now much higher than pre-dam dry season 
flows (Petheram et al. 2008). The Burdekin Dam has also effectively stopped the supply of 
coarse sediment from the upper catchment to the Lower Burdekin. There is concern that the 
reduction in coarse sediments may compromise the longer term integrity of the Cape 
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Bowling Green Spit (Figure 3.4), which is fundamental to maintaining the local environment 
of Bowling Green Bay (Fleming et al. 1981).  
 
 
Figure 3.4: Satellite image highlighting the prominence of Cape Bowling Green Spit.  
(Adapted from CSIRO Land and Water, 2005). 
 
Reduction in sediment delivery can also cause bank erosion to occur in the lower reaches of 
a river (Roth et al. 2002). This may in turn affect the native fauna and flora that have adapted 
to the seasonal nature and variability of stream flow (Kench, 1999). An unforseen 
consequence of the Burdekin Falls Dam has been higher turbidity levels at low flows. In 
addition to the ecological impacts of increased turbidity, such as reduced light for plant 
growth (Rea et al. 2002), the fine materials in the dam water clog the recharge pits that are 
used to maintain groundwater levels in the delta, requiring regular maintenance to be carried 
out (O’Shea, 1985).  
 
Groundwater quality in the Lower Burdekin is variable. In the highly transmissive parts of the 
delta, groundwater quality can be good, but in the least transmissive regions of the BHWSS, 
such as the Mulgrave district, groundwater quality is poor, with many bores measuring in 
Lake Dalrymple
Leichardt Range
Lower Burdekin
Burdekin Falls Dam
Bowling Green Bay
Cape Bowling 
Green Spit
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excess of four deciSiemens per metre (dS/m)16 (Petheram et al. 2008). In some areas over-
pumping has led to sea water intrusion (Figure 3.5 (a) and (b)) and ‘up-coning’ of basement 
salts (Figure 3.5 (c)). In the Lower Burdekin up-coning is occurring in the lands bordering 
Mount Kelly (Petheram et al. 2008) (Figure 3.2).   
 
 
Figure 3.5: Pumping-induced seawater intrusion.  
The “seawater wedge” is delineated by the line separating the fresh groundwater from the saline 
groundwater. (a) From an initial state of equilibrium, (b) excessive fresh groundwater pumping causes 
a reduction in the water table height, which allows saline groundwater to “intrude” on the fresh ground 
water. (c) If fresh groundwater pumping rates continues to exceed replenishment rates, the saline 
groundwater “up-cones” towards the bore inlet. (Adapted from Werner et al. 2008). 
                                               
16 The electrical conductivity of water (ECw) is the principal parameter used nowadays to 
measure a solution's salt content. The internationally accepted standard unit for reporting ECw is 
deciSiemens per metre (dS/m). ECw works well as a proxy for total dissolved solids because a 
water’s ability to conduct an electrical current is directly related to the concentration of salts in 
solution. In other words, salty water is a good conductor of electrical current, whereas pure water 
is a poor conductor. An ECw of three dS/m is the upper limit for nearly all landscape plants 
(Water Reuse Foundation, 2007). The upper limit recommended for drinking is 1.6 dS/m 
(Queensland Department of Natural Resources and Water, 2007). 
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The proximity of irrigation and groundwater extraction to the Lower Burdekin’s coastline has 
resulted in the intrusion of seawater into the groundwater system on a number of occasions. 
Investigations into alleviating this problem led to the establishment of the North and South 
Burdekin Water Boards in 1965 and 1966, respectively (Burdekin Project Committee, 
1976(b); Ullman and Nolan, 1975). The Water Boards’ charter is to maintain groundwater 
levels in the delta. The Boards have operated successfully, but the number of production 
bores has grown over the last 50 years. The potential for sea water intrusion has again 
become a concern, particularly during heavy usage periods in the dry season (Petheram et 
al. 2008). Conventional salinity issues, such as groundwater mounds under irrigated areas, 
are also becoming more prevalent as cane farms encroach upon estuarine and littoral 
zones, where the watertable is naturally very shallow and often saline (Bristow et al. 2006). 
 
Furrow irrigation results in some water leaving the paddock via the drainage system. This is 
known as irrigation ‘tail water’. Salts, nutrients and pollutants from pesticides and fertilisers 
can be transported by irrigation tailwater out of the crop field and into natural water ways. In 
the Lower Burdekin irrigation tail water is discharged into natural drainage lines, such as the 
Barratta Creek system (Figure 3.2). As well as elevating nutrient and sediment levels, tail 
water discharge has changed the flow regime of once ephemeral creeks, so that they now 
flow all year round (Lukacs, 1995). Elevated nutrient concentrations and altered stream flow 
regimes have also altered downstream wetland environments, resulting in loss of habitat, 
dieback of vegetation on stream banks due to water-logging, and invasion of aquatic weeds 
and introduced pasture species. Water quality in the Lower Burdekin is further impacted by 
livestock and other introduced plant and animal populations, and by the disconnection of 
ecosystems and their processes and functions due to built infrastructure development 
(Lukacs, 1995). Furthermore, new ecological communities have emerged because of the 
perennial, high nutrient tail water flows. These new conditions may now be irreversible, 
despite growing community interest in restoring wetlands and riparian vegetation back to 
their original state (Petheram et al. 2008). 
 
Other environmental problems associated with water resources in the Lower Burdekin 
include the barraging of estuaries and extensive clearing of native woodlands and forests.  
Weeds, disease and pests have also been inadvertently introduced (Australian Centre for 
Tropical Freshwater Research, 1994; Sinclair Knight Mertz, 1993). 
 
In summary, the Lower Burdekin is one of the premier irrigation districts in Australia. The 
social-ecological context of the region is shaped by the economics of irrigated agriculture, 
particularly sugar cane. However, significant environmental problems have arisen because 
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the rapid expanse of irrigation development in the Lower Burdekin over time. These general 
characteristics are shared by many irrigation districts throughout the world, which makes the 
Lower Burdekin an ideal case for testing ‘investing in ecological infrastructure’ (Figure 2.12).   
3.3 Research methods: historical analysis  
To ascertain stakeholders’ views on investing in the Lower Burdekin’s ecological 
infrastructure two research methods were selected. Firstly, an environmental history of the 
Lower Burdekin was chosen to examine the development of both ecological and built 
infrastructure in the study region. The historical analysis was largely based on secondary 
data. From these data conclusions were drawn about past perceptions and actions relating 
to investing in ecological infrastructure in the Lower Burdekin. A study in environmental 
history is an appropriate framework for analysis in this case, because it focuses on the 
environmental processes “involving both nature and culture from its beginning to its end” 
(Simmons, 2001, p.2). Such a focus fits neatly within the general case study approach, 
which is the collection of evidence that will provide an understanding of a process and its 
complexities in its particular physical and social setting (Section 3.2.2). More specifically, the 
analysis is framed around three core themes of environmental history: changing natural 
landscapes; changing human technology levels; and changing cultural world views. 
The first of these themes is based on the conception that while natural landscapes change 
slowly without human interference, they have undergone significant changes over thousands 
of millennia before human settlement (Simmons, 2001). Many of the consequences of these 
changes remain hidden from view, for example the Lower Burdekin aquifer system. But, as 
shown in Chapter 4, these hidden consequences have a major influence on contemporary 
social-ecological systems. Examining these changes and their consequences is therefore a 
first step in delineating the environmental processes involved in the development of the 
Lower Burdekin region. The second theme conveys that the level of human technology 
determines how the land is used and the patterns of settlement (Simmons, 2001). A 
synthesis of the ideas embedded in the first two themes builds towards the notion that 
advancements in human technology may bring with them the ability to accelerate the rate of 
change of a landscape. Lastly, the theme of ‘cultural world views’ is used to examine how 
different cultures see the world; and to show how landscapes may shape, and be shaped by 
these different cultural world views (Simmons, 1993).  
As exemplified by the bibliography cited in Footnote 13, there is an extensive literature on 
the biophysical and socio-economic aspects of the development of the Lower Burdekin 
region. Much of this literature was sourced from libraries and the internet. Other major 
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sources of information included hard copies of federal and state government reports and 
records.   
The most important resource in terms of data collection for the historical analysis was the 
Burdekin Project Ecological Study (Fleming et al. 1981). This study was commissioned by 
the Australian Prime Minister and carried out jointly by CSIRO and the Department of 
National Development and Energy, with the full cooperation of the appropriate Queensland 
Government Departments and agencies. The study was tasked with examining the 
implications of the proposed Burdekin Dam and irrigation area development, in terms of the 
soils, climate, vegetation, hydrological and terrain aspects of the region. As well as providing 
a comprehensive overview of the ecology of the Burdekin region, Fleming et al. (1981) 
proved a fertile ground for references to other data sources.  
Two other publications stand out, both in relation to the usable information within them and 
also as resources for locating other relevant publications. The Burdekin Project Assessment 
Committee Report (1978) underpinned the Queensland Government’s proposal to construct 
the Burdekin Falls Dam and the associated irrigation infrastructure. This report provides little 
in ecological data (see Chapter 4), but it does cite a number of key studies and Queensland 
Government documents from which valuable information was retrieved. The other 
publication is a biography of John Drysdale, titled John Drysdale and the Burdekin (Connolly, 
1964). John Drysdale arrived in the Lower Burdekin in 1886 and was a key figure in the 
region’s social-ecological development for the next 40 years. Connolly (1964) couches his 
exploration of the life and character of the Lower Burdekin’s most celebrated pioneer within a 
broad, but comprehensive historical narrative, which begins prior to European settlement in 
the region17. Connolly (1964) thus provides much of the historical context surrounding the 
early days of European settlement and the development of the sugar industry in the Lower 
Burdekin and Queensland. This includes a detailed description of the initial development of 
the spear pump irrigation system that is still used throughout the Lower Burdekin delta 
region today.  
The information sources outlined above provided a sufficient quantity and quality of data to 
draw strong conclusions about the nature of major changes in the ecological infrastructure of 
the Lower Burdekin over time. These data also informed the design and organization of the 
focus group interviews. 
                                               
17
 It was through Connolly (1964) that I became aware of the circumstances of the Lower Burdekin’s 
first European resident, James Morrill. 
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3.4 Research methods: focus groups 
3.4.1 Rationale 
The objective of the second phase of data gathering was to gain an understanding of 
contemporary stakeholders’ views on investing in ecological infrastructure. Obtaining 
sufficiently robust primary data from the focus groups involved two major considerations. 
First and foremost was maximisation of academic rigour, given the extant financial and 
temporal constraints. The second major consideration was one of logistics, namely the 
availability of suitable participants. Specifically, unforeseen weather events and regular 
seasonal events, such as planting and harvesting can govern the availability of farmers and 
personnel from associated industries for participation in research activities.  
 
In terms of academic rigour, the literature suggests that focus groups should be considered 
when looking to explore new research areas (Stewart et al. 2007; Morgan, 1997) or to test 
ideas, plans or policies for strengths and weaknesses (Krueger and Casey, 2000; 
Greenbaum, 1993). The advantages and disadvantages of focus groups as a qualitative 
research method are outlined by a number of recognized authors in the field, for example: 
Stewart et al. (2007); Krueger and Casey, (2000); and Morgan, (1997).   
 
Advantages of focus groups include (Stewart et al. 2007):  
1. The potential to provide and analyse data comparatively quickly and cost efficiently. 
2. There is opportunity for the researcher to interact directly with the respondents: to 
probe and clarify responses; ask follow-up questions, and to observe non-verbal or 
‘body language’ responses to questions that may support or contradict the verbal 
response. 
3. Because focus group participants respond openly to the questions, the researcher is 
able to collect large and rich amounts of data in the respondents’ own words. A more 
expansive and richer data set can provide deeper levels of meaning, and enable the 
researcher to make important connections and identify subtle nuances. 
4. The synergistic effect of group interaction, for example participants reacting to and/or 
building on other participants’ comments can produce ideas or data that may not 
have been revealed in individual interviews. 
5. Focus groups can be used to examine a wide range of topics, with a wide range of 
individuals, in a wide range of settings. 
6. Focus groups may be one of the few research tools that can be used to collect data 
from children or individuals who are not particularly literate. 
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7. Focus group results are extremely user friendly, as most respondents’ verbal 
responses are easy for researchers and decision makers to understand, unlike more 
sophisticated survey research that uses complex statistical analyses. 
Many of the disadvantages of focus groups are simply the negative side of the advantages 
listed above (Stewart et al. 2007): 
1. The small number of subjects, even in a series of focus groups and the nature of the 
recruiting practices of focus groups (in other words, a comparatively small number of 
participants are selected and not randomly sampled), means that focus group results 
are not likely to be generalizable.  
2. Group interactions can result in responses from participants not being independent of 
one another. Focus group results can also be biased by a dominant participant or by 
a moderator who provides cues to what types of responses and answers are 
desirable. 
3. The ‘live’ and immediate nature of focus group interactions may lead the researcher 
or decision maker to regard the findings more credibly than statistical summaries. 
4. Summarization and interpretation of focus group results is often difficult because of 
the open-ended nature of responses provided by focus groups. 
While the results of a single focus group study may not be generalizable, the Lower Burdekin 
focus groups were designed to be replicated in different locations and contexts. For 
example, the same questioning route could be used to gain the views of researchers, 
farmers, government officials, industry representatives and Traditional Owners in other 
irrigation areas, or in different social-ecological contexts within Australia, or in other 
countries. Comparative analysis of many cases can provide insights that improve our 
understanding of how social-ecological systems function (Walker et al. 2006). From these 
insights generalizations about the underlying processes that shape interactions between 
ecological infrastructure and socio-economic systems may be made (Walker et al. 2006). 
The remaining disadvantages listed above were overcome, or were at least mitigated to a 
degree, by thoughtful focus group design, as outlined below. 
 
In relation to temporal and financial constraints and logistics problems, the focus group 
method is attractive, because a series of focus group interviews can be organized and 
conducted relatively quickly and inexpensively. The comparatively small number of 
participants in a focus group also enables a high degree of flexibility in terms of the location 
of each of the focus group discussions. This was beneficial with respect to the PhD study’s 
time constraints, and also with respect to the time and travel costs of the participants.  
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Also, unlike research methods that require random sampling, focus group interviews can 
allow for a high degree of selectivity when it comes to the participants (Morgan, 1997). For 
example, the sugar cane farmers’ group included farmers from the Lower Burdekin delta 
region and from the BHWSS, as well as older and younger farmers, and farmers who used 
furrow irrigation and farmers who used sprinkler irrigation. A wide range of views and 
experiences can thus be drawn from a relatively small sample of subjects. Accordingly, a 
comparatively rich data set is potentially available from a relatively quick and inexpensive 
research study. This makes the focus group method highly suitable for this particular study.  
3.4.2 Participants  
The focus group method involves a high degree of selectivity when it comes to the subjects 
of the research. Focus group participants should have some common characteristic, such 
as: occupation; past use of a service; age; gender; family characteristics; or perhaps a 
combination of these. Although participants in a focus group are homogeneous in terms of 
one or two desired characteristics, the group must also include enough diversity in other 
characteristics to provide a true representation of the group’s shared views. In other words, a 
well-chosen focus group can represent a spectrum of views among research subjects of a 
certain type. For example, the farmers’ focus groups in the Lower Burdekin study included 
sugar farmers, mixed farmers (sugar and horticulture), farmers from the NBWB and SBWB 
areas, and farmers from the BHWSS.   
 
The broad goal for focus group design is to create enough variation for contrasting ideas, but 
not so much that participants become self-conscious and defer to others in the group who 
may be more outspoken, or who appear to be more experienced or knowledgeable on the 
issue in question (Krueger and Casey, 2000).  
 
The specific goal of the Lower Burdekin focus groups was to assess stakeholders’ views on 
the concept of investing in ecological infrastructure. The chosen sampling frame thus 
included key stakeholder groups that are directly involved in understanding, using and 
managing ecological infrastructure in the Lower Burdekin region: 
1. Science and research; 
2. Government/governance; 
3. Farmers; 
4. Industry (other than agriculture); and 
5. Traditional owners. 
Apart from two of the scientists, who were approached in person, potential focus group 
members were contacted via email and/or telephone and invited to participate. 
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Science and research group 
Social and biophysical research in the Lower Burdekin has been on-going for several 
decades. A number of scientists carrying out research in the study area are based at the 
CSIRO’s Townsville laboratory, approximately 100 kilometres north of the Lower Burdekin. 
One of the author’s PhD supervisors, Dr. Keith Bristow, is a leading scientist at CSIRO in 
Townsville, and has been involved in research in the Lower Burdekin for over 25 years. A 
shortlist of the most suitable potential candidates for the science and research focus group 
was compiled using Keith’s knowledge and experience of the work being carried out in the 
Burdekin region. This group consisted of biophysical scientists, social scientists and 
CSIRO’s extension officer for the Lower Burdekin region.  
 
The science and research focus group was initially designed as a pilot study. Scientists are 
experienced in dealing with scientific concepts, models and frameworks and thus well 
equipped to provide a comprehensive critique of the concept of investing in ecological 
infrastructure and of its potential for adoption in an actual social-ecological system. 
Scientists and researchers are also generally experienced in conducting and participating in 
group meetings and discussions. It was therefore considered that their training and 
experience would enable the scientists to provide an informed critique of the methods, tools 
and processes adopted for the Lower Burdekin focus group interviews. In addition, all the 
scientists either worked in, or regularly visited the laboratory where my office was located. 
This facilitated setting up and conducting the pilot focus group and the de-briefing. Also, 
having participated in the initial focus group, the CSIRO extension officer was familiar with 
the procedure adopted for data gathering. He was consequently able to provide assistance 
in organising and conducting three of the other focus groups, which included note-taking for 
two of these three groups.  
 
After all the focus groups had been conducted, I decided that the data gathered from the 
pilot study could be included in the results. This was because the other focus group 
discussions followed precisely the same format and procedure as the pilot study, so the data 
gathered from the pilot study was consistent with the other focus groups. The use of 
participants’ notes is the main reason for this consistency (see the “Moderator” section 
below).  
Government/governance groups 
My CSIRO supervisor has had a long association with the government agencies operating in 
the Lower Burdekin. Keith has also served on a number of regional stakeholder associations 
in the region. He was thus able to provide an introduction to several key agency staff. Two of 
these were not able to participate, but they provided contact details for potential substitutes. 
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The Government/governance focus group included representatives from Federal, State, 
Regional and Local Government Agencies. For logistical reasons these participants were 
placed in two groups: the Lower Burdekin local government group; and the regional, state 
and federal government group. The Lower Burdekin group participants were mainly located 
in Ayr or Home Hill, whereas the other group’s participants were mainly located in 
Townsville. The Lower Burdekin local government group was thus held in Home Hill, and the 
regional/state/federal government group was conducted in Townsville. 
Farmers’ groups 
The design of the farmers’ focus groups had to meet two broad criteria. Firstly, the Lower 
Burdekin is subdivided into two main geographical areas: The delta, which incorporates the 
North and South Burdekin Water Boards’ jurisdictions, and the BHWSS (Figure 3.2). For the 
purposes of focus group design, each of these two areas has a different ecological context. 
The delta and BHWSS also utilize their ecological infrastructure differently and thus have 
different ecological issues. Ensuring that the farmers’ group included participants from each 
of the North and South Burdekin Water Boards and the BHWSS was therefore important, in 
terms of robust results. The CSIRO extension officer who participated in the science and 
research focus group was helpful in organising and conducting the farmers’ focus groups. 
Specifically, he was able to provide contact details for potential participants who met the two 
key criteria of growing different products in different areas. His suggested contacts also 
included participants who used different farming practices, (furrow irrigation and spray 
irrigation for example) and participants of varying ages and experiences. Ultimately the 
spectrum of experience and age for the farmers’ focus groups went from participants who 
had farmed sugar for decades on the same farm, to one individual who was farming a 
particular product for the first time and had only been in the Lower Burdekin region for a few 
months. Two farmer’s focus groups were planned; one of sugar cane growers and the other 
of mixed growers (sugar and horticulture), with each group including representatives from 
the delta and BHWSS irrigation areas. Attendance at the mixed growers’ focus group was 
severely impacted by unseasonal wet weather, but the sugar growers’ focus group was well 
attended.  
Industries group 
This focus group sought to obtain the views of key industry representatives in the Lower 
Burdekin. Because of the importance of the sugar industry to the Lower Burdekin social-
ecological system, participants representing sugar millers and industrial sugar research and 
extension were invited to participate. A representative of the horticulture industry was also 
invited. The remaining participants were selected to represent as wide a cross-section of 
views as possible; for instance industry groups that did not depend entirely on agriculture for 
48 
their income and that serviced as wide a range of clientele as possible were also targeted. 
The remaining participants invited to attend this focus group included representatives from 
the automobile and agricultural machinery sales and service, banking/finance, and real 
estate industries.   
Traditional Owners group 
There are three Traditional Owner (TO) groups involved in decision making in the Lower 
Burdekin. To ensure that cultural differences were respected, I participated in a workshop on 
“Research Protocols for Working with and/or for Aboriginal and/or Torres Strait Islander 
Peoples”, conducted by The School of Indigenous Australian Studies at James Cook 
University in Townsville. It was revealed at this workshop that a mentor would be required to 
help organize and conduct the TO focus group, so I initiated contact with an Aboriginal 
Liaison Officer for the Burdekin region.  
 
The TO focus groups were ultimately abandoned, because the region went through an 
unusually wet period for that time of year, which made travel to or from the TO’s lands 
difficult. In addition, the Aboriginal Liaison Officer was unavailable for much of the time set 
aside for conducting the focus groups. Finally, given the time lost due to the first issue, it 
became logistically too difficult to arrange for all three TO groups to participate. The Lower 
Burdekin TO’s views on investing in ecological infrastructure are very important in terms of 
the adoptability of the proposed conceptual framework. It is therefore essential that a TO 
focus group interview is undertaken as part of further research, following the completion of 
this study (Section 7.3).  
Participants: potential issues 
A potential issue for the selection process was that the focus groups would be dominated by 
males. The participants would, however, all be involved on the basis of their profession (for 
example farmers, managers of government agencies and business owner/operators), so the 
participants selected would be representative of their interest groups. As it turned out, the 
two farmers’ focus groups were the only groups that did not have any female representation.  
 
A second potential issue arose from the attempt to gather from the focus groups the widest 
possible cross-section of stakeholder views. In other words, by design, participants across 
and within the focus groups may be from very diverse backgrounds with respect to formal 
education, life skills and experience. For example, scientists and government agency staff 
are generally educated to the bachelor degree level and higher. Farmers, business owners 
and tradesmen, on the other hand, have a different range and type of qualifications. And 
some farmers and T.O. participants may have had little in the way of formal education, but 
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had significant practical skills and life experience. The goal of this research design was to 
assess the views of all these key stakeholders on the concept of investing in ecological 
infrastructure. To ensure consistency and robustness of results, all focus group participants 
were therefore provided with exactly the same background information on the topic.  This 
meant that both the background information (Appendix 1) and the instruments for gathering 
the data had to be comprehensible to participants with potentially very different levels of 
formal education and life experience.  
3.4.3 Instruments 
Questions 
A key component of focus group design is the assembly of a series of questions that 
encourage participants to respond, and that also produce the required information from the 
group. In general, the questions should sound conversational and natural. The questions are 
also usually short, open-ended, and one-dimensional (asking only one question at a time). 
Five common types of questions are used in focus group interviews (Krueger and Casey, 
2000): 
1. Opening questions; 
2. Introductory questions; 
3. Transition questions; 
4. Key questions; and 
5. Ending questions.  
As indicated by the list above, the questions are arranged in a specific order, called the 
questioning route. The questioning route should have an easy introduction, and the 
questions should flow coherently and effortlessly from one to another (Krueger and Casey, 
2000). The questioning route also should move from the general to the specific (Stewart et 
al. 2007).  
 
The objective of the Lower Burdekin focus groups is to gain current stakeholders’ views on 
the concept of investing in ecological infrastructure, in terms of its suitability as a guide for 
on-ground actions. But ‘investing in ecological infrastructure’ is a new concept, which focus 
group participants were not familiar with. This created a problem and an opportunity for 
research design. The problem was that to ensure consistent results participants with a wide 
range of interests and expertise had to be provided with a similar level of understanding 
about the nature and role of ecological infrastructure. In addition, this had to be 
accomplished within the limited time frame available. Four strategies were devised to 
address this problem: 
50 
1. Each participant was provided with an identical set of background notes 
(Appendix 1) prior to their focus group or interview. 
2. Before each focus group discussion or individual interview commenced, a five 
minute presentation based on the background notes was given. Each 
presentation adhered to a script, so that different focus groups received the 
same information in the same way. 
3. The questions and questioning route were designed to help participants gain a 
better grasp of the concept of investing in ecological infrastructure, via the 
ensuing discussions, as the interview progressed.  
4. While the participants were not familiar with the concept of ecological 
infrastructure, they were at least fairly familiar with a necessary element of 
ecological infrastructure: water. The questions and questioning route were 
therefore focused on water resources. 
The opportunity for research design arose from the strategies outlined above. More 
precisely, all focus group participants had very little, if any, idea about the concept of 
investing in ecological infrastructure, and each participant was only provided with brief, basic 
and identical information about the concept. This approach provided a ‘baseline’ from which 
one could ascertain how readily the participants adopted or engaged with the idea of 
investing in ecological infrastructure, in relation to their own particular situations and/or 
experiences.   
 
Another important aspect of developing the questions and questioning route is to estimate 
the time required for the focus group to satisfactorily discuss each question. Time estimates 
are useful for managing the focus group discussion, in terms of quantity and quality of data, 
and for a timely completion of the interview.18 Morgan (1997, p. 47) suggests that the “safe 
advice” is to allow ninety minutes for the entire focus group interview, but tell the participants 
that the discussion will take two hours. This strategy was adopted, but in practice the focus 
groups ran for the full two hours. With respect to the timing for each question, opening, 
transition and ending questions were allocated less time than the key questions. To ensure 
the focus groups were completed in a timely fashion, the moderator and note taker19 were 
provided with a schedule that included time estimates for each question. The note taker was 
responsible for drawing the moderator’s attention to questions that began to run over time. A 
copy of one of the focus group schedules may be found in Appendix 2. 
 
                                               
18
 A large number of the participants had strict limitations on their availability to participate in the focus 
group discussions (see section 3.4.1).  
19
 The primary role of the note taker is to take a detailed record of the focus group discussion (see the 
subsection Procedure below). 
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Opening questions are designed to get participants talking freely and feeling relaxed. The 
opening question should be simple and straightforward to answer, and should not highlight 
differences among participants (Krueger and Casey, 2000). Each participant was asked to 
introduce themself and briefly describe their association with the Lower Burdekin region, in 
terms of professional occupation and leisure activities. This approach was used in lieu of an 
opening question per se, because it got the participants talking freely in a relaxed way and 
also provided for an informal introduction between the moderator and the focus group 
participants.   
 
The focus group interviews then ‘formally’ began with the introductory question. Introductory 
questions are used to get the participants to start thinking about the topic at hand. They help 
participants to begin to focus on the discussion topic.  As explained above, water was used 
as a focus for the questioning route, because all participants could easily relate to the 
necessity of managing water, which is a key element of ecological infrastructure. Indeed, 
without water there is no life (as we know it). The introductory question for the Lower 
Burdekin focus groups was: What role does water play in your work and life?  
 
The next questions were used to link the introductory question and the key questions. The 
role of ‘transition questions’ is to get the participants to go into more depth than introductory 
questions. There were two transition questions for the Lower Burdekin focus groups. The 
first of these was: What is your view on the development of the Burdekin’s water resources 
to date? Several environmental problems currently have a high public profile in the Lower 
Burdekin, so it was likely that discussions centred on this question will raise at least one or 
more of these issues. In doing so, this first transition question draws participants’ attention to 
the relationship between water as a resource, and the ecological infrastructure that provides 
the water.  
 
The second transition question was: What is your understanding of the ecological 
infrastructure of the Lower Burdekin? This question was designed to move from the ecology 
associated with water resource development, to the broader concept of ecological 
infrastructure.  As well as facilitating a smooth progression to the key questions that follow, 
this question was intended to provide some indication of how readily participants adopted 
the concept of ecological infrastructure.  
 
Key questions focus in on the chief areas of interest to the research and are designed to 
solicit the quality and quantity of data that will see the objective of the research fulfilled. More 
time was thus allocated for participants to discuss the key questions. This allowed for more 
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expansive responses and discussion than for the other questions, and enabled a more 
detailed examination of the participants’ views. Two key questions were developed for the 
Lower Burdekin focus groups. The first of these was: What is your view on investing in the 
ecological infrastructure of the Burdekin (e.g. what, where, when, how, how much) to ensure 
long-term water resource security? This question was designed to provide direct responses 
to the question of how stakeholders view the concept of investing in ecological infrastructure 
in the context of their own dynamic and complex social-ecological setting.  
 
The second key question was: To make sure we’ve captured the key points, can each of you 
reflect on all the comments shared in the discussion and then identify which aspects you 
think are most important? This question was designed to distil the entire focus group 
interview into a few points of greatest significance to each participant.  
 
After discussions of the key questions were completed, ending questions were used to bring 
the interview to a conclusion. An often used ‘generic’ ending question for a focus group 
discussion is: Is there anything we should have talked about, but didn’t? (Krueger and 
Casey, 2000). This question covered off on anything that the participants thought was 
relevant and/or important, which the researcher may have missed or forgotten (Krueger and 
Casey, 2000).  
 
Once the questions and questioning route were finalised, the next step was to address the 
person and approach of the focus group moderator.  
3.4.4 The moderator 
The role of the moderator 
With respect to moderating the focus groups, the first decision to be made was the one of 
who could best fill the role. Generally, there are a number of factors to consider in making 
this decision.  
 
Firstly the moderator should understand both the topic and the culture and traditions of the 
communities that focus group participants are drawn from (Litosseliti, 2003; Krueger and 
Casey, 2000). Gender, age, race, socio-economic and professional status may all need to 
be considered. Depending on the topic, the purpose of the group and the group’s 
composition and location may also need to be contemplated (Stewart et al. 2007).  
 
In terms of methodology, it is preferable that the same moderator conducts the whole series 
of focus groups. The prime reason for this is that different styles of moderators can produce 
different data, making analysis more difficult.  Consistency of moderation can also help 
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reduce the risk of manipulation and bias. However, gender, age, race and ethical issues may 
dictate that someone else is more appropriate for certain focus groups (Litosseliti, 2003).  
 
Greenbaum (1988) warns against letting cost control the selection of the moderator, but in 
this project, both financial and temporal costs were key factors to consider. In addition, I was 
the only person with knowledge of the topic of investing in ecological infrastructure. Lastly, I 
was available to conduct all the focus groups. It was consequently determined that I should 
fulfil the role of moderator. The largest potential problem with this decision was that I had no 
prior experience in moderating focus groups.  
 
In terms of general qualities, good moderators must believe that all participants have 
something to contribute to the discussion, regardless of their education levels, experiences, 
or backgrounds. Moderators must also listen attentively with sensitivity and try to understand 
the perspective of each participant. Lack of respect is quickly transmitted to participants and 
results in reduced participant input. In addition, effective moderating requires preparation, 
mental discipline and skill in facilitating group interaction.  
 
Whilst I am a student in the field of research, I am also a mature-aged person with a wide 
experience in life. For example I have held supervisory roles that involved employing, 
mentoring and training staff. I also have experience in retail sales, serving a wide range 
clientele, including individuals, small businesses, national corporations and federal, state 
and local government departments. In addition, I have been elected to the honorary 
positions of treasurer, secretary and president in my sporting club. I am also a long-serving 
Justice of the Peace in my home state of Queensland. Through my previous professions and 
recreational interests, I have participated in, planned, organized and conducted many 
meetings and other events. I therefore felt confident that I could fulfil the general qualities 
listed above.  
 
Further consideration and discussion with my advisory panel revealed that my lack of 
experience in moderating focus groups could be overcome to some extent by scheduling the 
focus groups in a certain order, so I could gradually gain experience as a moderator without 
potentially affecting participants’ contributions in a negative way. This strategy firstly involved 
using the science and research focus group as a pilot study, because all the members of this 
group, except one, were known to me, which provided a certain degree of comfort in 
moderating my first focus group. In addition, these experienced researchers could be relied 
upon to provide a critical appraisal of my performance as moderator, and to provide robust 
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and effective recommendations for any improvements on that performance (see Science and 
research group section above).  
 
To gain the most from this critical appraisal, each of the science and research focus group 
participants was contacted shortly after the focus group and asked for feedback on the focus 
group design and procedure. The feedback was sufficiently positive that it was decided to 
retain the same format and process for each of the rest of the focus groups, except perhaps 
the TO group, which may have required a mentor to organize and moderate it (see the TO 
groups section above). Once all the focus groups had been completed, it was apparent that 
the data gathering process for the pilot study was identical to that of the other focus groups, 
so I decided to include the data collected from the pilot study as ‘raw’ data from the 
science/research focus group. 
 
My lack of experience in focus group moderating was further compensated by the 
interviewing style, technique and role that I chose to adopt.  
Interviewing style, interviewing technique, interviewer role 
The primary research goal was to ensure that consistency of the data retrieved is optimised 
over a wide range of stakeholder attributes, experiences (including experience in 
participatory research), and cultural and personal interests. The possibility that the focus 
groups may have to be conducted in a range of different environments also needed to be 
considered in research design. The TO group, for example, may have preferred a remote 
location near or within a culturally significant site, rather than in a populated area. Also, the 
participants’ experience of the focus groups had to be made as enjoyable as possible. To 
fulfil these goals the following approach was adopted. 
 
Interviewing styles can vary because of personality differences among moderators, and 
because different types of groups and different research questions require different 
approaches. One important dimension along which interviewing styles may vary is the 
degree of control or ‘directiveness’ that the moderator uses (Stewart et al. 2007). At one 
extreme of the directive style is the ‘nominal group’, where little or no exchange among 
members of the group is permitted, and the interviewer exercises tight control over the 
agenda for discussion. At the other extreme, the moderator participates only at the start of 
the discussion and only interjects her/himself when it is necessary to keep the discussion on 
the topic of interest. Focus group moderators will usually adopt an interviewing style 
somewhere between these two extremes (Stewart et al. 2007). 
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Three factors had a determining influence on the interviewing style adopted for these 
particular focus groups. The first factor was the over-riding one of optimising the quantity and 
quality of data obtained. Second was the inexperience of the moderator. Lastly (and also 
related to the second factor) were the inherent difficulties related to introducing a new 
concept and then ensuring a robust discussion of this topic is completed within a restricted 
time frame (two hours or less). Given these three factors, it was decided to adopt a more 
directive than non-directive style, because this would enable me to maintain the control that 
is necessary for the research outcome that was aimed for (Stewart et al. 2007). Because a 
more directive than non-directive interview style was adopted, to ensure a richness of 
dialogue it was important to provide suitable conditions for group interaction, through, for 
example, enabling participants to ‘piggy-back’ on each others' comments (Rennekampe and 
Nall, 2007). One way of accomplishing this was through the interviewing technique that was 
chosen.  
 
The main difficulties that moderators encounter when conducting focus groups are: keeping 
the discussion on track and maintaining the group’s focus on the topic; stimulating and 
facilitating the discussion; and putting the participants at ease (Litosseliti, 2003). Experienced 
moderators have a number of tools they use to overcome these difficulties and these are 
discussed in some depth by Stewart et al. (2007), Krueger and Casey (2000) and 
Greenbaum (1988).   
 
The interactive focus group literature also recognizes some of the benefits of Nominal Group 
Technique (NGT) processes20. For example, Morgan (1997, p. 50) suggests that one way to 
ensure all participants’ different experiences and opinions are placed “on record” is to “ask 
each person to take a couple of minutes to make written notes prior to responding to the 
discussion starter question”. Writing things down in such a way helps to reinforce a 
participant’s commitment to contribute their thoughts to the group, even in the face of 
disapproval (Delbecq et al. 1975). In addition, the written statements that have been provided 
give the moderator a legitimate basis for asking for some input from those participants who 
have not contributed anything to date (Morgan, 1997). 
 
Greenbaum (1993, p. 129) extends the utility of using written notes for the ‘discussion starter’ 
question right through to the entire questioning route; stating that “The best way a moderator 
can help participants say what they really think and feel, rather than be influenced by each 
other, is to have them write down their opinions before they share them with the group.” 
                                               
20
 Nominal Group Technique (NGT) is a structured decision making process that was developed to 
overcome problems that typically occur in interacting groups. For a comprehensive discussion on 
NGT see Delbecq et al. (1975). 
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Having the participants write down their views for each question automatically provides a 
written record of the participants’ own, initial response to the question. In other words, 
participants’ written responses are their own views and are not shaped or changed by other 
participants’ input or influence. From a logistical perspective, the participants’ notes can also 
be used to back-up electronic recording equipment if it should fail, which did happen during 
one focus group. Having decided on a directive interviewing style and the technique 
prescribed by Greenbaum (1993, p. 129), the remaining key aspect of the moderator’s 
approach to be considered was the interviewer role.   
 
Krueger (1994) suggests that there are a number of commonly used roles that moderators 
adopt, such as: The Seeker of Wisdom; The Enlightened Novice; The Expert Consultant; The 
Challenger; The Referee; The Writer; The Team-Discussion Leader and Technical Expert; 
and The Therapist. Each of these roles requires different skills, experience and attitudes 
towards interactive group research. The Challenger, for example, is combative, and 
challenges the participants to explain, amplify and justify their ideas and actions (Krueger, 
1994). Krueger (1994) further argues that moderators who are successful with a certain role 
should generally keep to that approach, and beginning moderators should build on their 
existing strengths.  
 
In appraising the various roles outlined by Krueger (1994) that of “The Writer” immediately 
stood out in terms of utility and applicability for the Lower Burdekin focus groups. According 
to Krueger (1994, p. 106), “The Writer spends a considerable amount of time standing up 
and writing on a flip chart. Questions may have previously been written on the top of the 
chart and the writer records the comments on the paper. When the chart is filled the writer 
will tear it off and tape it on the wall for later review. This strategy has several advantages: 
participants see what is recorded and can focus their attention on the specific question at 
hand, and it allows for seemingly immediate correction.”   
 
The disadvantage of utilizing the writer role is that the moderator needs to stand. This 
positions the moderator above the rest of the group and places him/her in a leadership role, 
rather than a facilitator and stimulator of the discussion. Participants may also feel that they 
need to wait for the writer to finish writing before they contribute further to the discussion. 
The discussion can then potentially lose some spontaneity and synergy that may have 
otherwise been forthcoming if a different moderator role was used (Krueger, 1994). 
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The second disadvantage outlined by Krueger (1994) could be overcome by working to keep 
the discussions flowing, for example by writing key words and/or phrases and not whole 
sentences while the participants were speaking. In terms of data collection, I considered it to 
be more prudent for me to focus on keeping the discussion flowing based on participants’ 
key words and phrases, than to attempt to employ a wide variety of moderator tools that I 
had not used before (see Stewart et al. 2007; Krueger and Casey, 2000; and Greenbaum, 
1988).  
 
As well as helping to keep the discussion flowing through participants ‘piggy-backing’ on 
each others’ comments, the flip chart notes, or in the case of the Lower Burdekin focus 
groups, the  electronic whiteboard notes, were a useful ‘quick find’ device for searching 
through the audio tapes. The whiteboard notes also provide clarification of participants’ tape 
recorded comments that were not audible, or comprehensible. In fact, during collation and 
analysis, it became evident that the availability of the written responses to each question and 
the copies of the whiteboard notes significantly reduced the amount of data that could only 
be retrieved from the tape recordings. This outcome was understandable, because the focus 
group design had to incorporate a high level of redundancy with respect to extracting and 
recording stakeholder views and maintaining consistency while doing so21. Indeed, it was 
anticipated that one or more focus groups may have to be conducted without electronic 
recording equipment. Nevertheless, the extent to which the usefulness of tape recordings 
was negated by the participants’ notes and whiteboard notes was not expected.  
3.4.5 Size and number of groups 
The major deciding factors in determining group size are (Morgan, 1997): 
 The amount that each participant has to contribute to the discussion;  
 How much detail is required from each participant; and 
 The moderator’s level of experience. 
 
Given the above considerations a ‘rule of thumb’ group size of around six to twelve 
participants is recommended (Krueger and Casey, 2000; Morgan, 1997). With fewer than six 
participants group discussions may become difficult to sustain. Conversely, it may be difficult 
to control discussions when more than ten participants are involved, particularly if the 
moderator is inexperienced (Morgan, 1997).  
 
                                               
21
 Two equipment failures occurred during the focus groups, one relating to the tape recording 
equipment, and one to an electronic whiteboard. Neither of these failures significantly impacted the 
quality and quantity of data collected. 
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Because each participant wrote down their response to each question, a high level of detail 
was expected in relation to these responses. I therefore decided on a group size of five or 
six participants. To cover for ‘no-shows’ an extra one or two participants were invited to 
attend each focus group. Even so, one of the farmers’ groups and Lower Burdekin local 
government group were ultimately reduced to only three participants, due to unforeseen and 
significant weather events (localized flooding). Despite the reduced numbers, the 
participants in these two groups were highly involved. As a result, their discussions covered 
a significant breadth and depth of subject matter. In fact, both reduced groups ran for the full 
amount of time allocated, and may have been unmanageable with five or six participants. I 
am therefore obliged to agree with Morgan (1997, p. 43) that researchers should not feel 
“imprisoned” by upper or lower boundaries for participant numbers in focus groups, as long 
as the purposes of the research and the constraints of the field situation are taken into 
account.         
 
The number of focus groups conducted largely determines how much data is produced by 
the research (Morgan, 1997). In general terms, the goal for data collection is ‘saturation’ 
(Glaser and Strauss, 1967), which is the point at which the additional data collected no 
longer generates new understanding (Morgan, 1997). To cover as wide a spectrum of 
stakeholder views as possible it had already been decided to sort potential participants into 
seven groups (Section 3.4.2). It is argued that meaningful new insights are seldom provided 
by more than three to five focus groups (Morgan, 1997). However, due to the nature of their 
occupations, there was a high likelihood that a number of participants would have to pull out 
of their focus groups with very short notice. Seven focus groups would thus provide sufficient 
redundancy, in terms of the inability of several participants to attend one or more groups.  
 
Unfortunately, the TO group had to be abandoned due to a significant, unseasonal weather 
event and associated logistical issues. Nevertheless, for the purposes of this initial 
exploration of the robustness and adoptability of the concept of investing in ecological 
infrastructure, I was satisfied with the level of ‘saturation’ provided by the six focus groups 
that were completed. This was because there were sufficient data to draw valid and reliable 
conclusions in terms of the views of stakeholders who were not TOs. Of course, this 
assessment only stands beside the acknowledgment that TOs’ views are a vital ingredient 
for the further development of the conceptual framework. Gathering these views is therefore 
a high priority for further research (Section 7.3). 
3.5 Individual interviews 
The literature suggests that extra participants should be invited to each focus group to cover 
withdrawals. This policy was adopted for each of the focus groups, but last minute 
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commitments due largely to unforeseen weather events caused problems for three of the 
seven focus groups. In addition, among the participants of the focus groups were several 
government department or agency staff employed in leadership roles. Due to the nature of 
their professional commitments, these individuals could be called away at a moment’s 
notice, but, because of their knowledge, experience and influence, it was important that their 
views were obtained. It was therefore decided to conduct individual interviews with 
participants who were invited to attend the focus groups, but who were not able to do so, 
due to unforseen or intervening circumstances. In addition, there was one important 
participant who could not attend a focus group for political reasons. The interview format 
also accommodated this individual. 
 
The focus group moderator style and technique were easily adapted for an interview format. 
In other words, the interviewer could be ‘directive’, and exactly the same questions and 
questioning route could be used as in the focus groups. Adopting this approach meant that 
the data obtained from the four interviews fitted neatly with the focus group data. For 
reasons of consistency, however, the interview data was treated separately from the focus 
group data and used only to corroborate findings, or point out potential outlying cases and 
other issues of relevance or interest. 
3.6 Procedure 
3.6.1 Invitations, location and timing of the focus groups 
After selection, potential participants were contacted by telephone, email or in person and 
invited to take part in the focus group interviews. Those who agreed to participate were 
provided with a set of ‘Background notes’. This was a three page document that provided a 
broad outline of the concept of investing in ecological infrastructure (Appendix 1). Each 
participant was also given an ‘Information Sheet for Participants’, and a ‘Consent Form’ 
(Appendix 3), which had to be signed prior to the commencement of the focus group 
discussions (see the Ethics section below).  
 
The focus groups were conducted two weeks from the participants’ agreement to take part. 
Participants were contacted two days before the focus group and reminded of the date, time 
and location of the interview. Morning groups were conducted from 10.00 am to 12.30 pm, 
and afternoon groups from 2.00 pm to 4.30 pm. The focus groups were conducted between 
23rd of July and the 10th November, 2010.  
3.6.2 Facilities: rooms, equipment, seating 
Facilities for holding the focus groups were provided by the South Burdekin Water Board in 
Home Hill, CSIRO Davies Laboratory in Townsville, and North Queensland Dry Tropics 
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(NQDT) in Townsville. Each of these venues was ideal for conducting the focus groups, 
because their meeting rooms offered a high degree of comfort and privacy, as well as 
suitable computer, projection and recording equipment and refreshment facilities. Each 
venue also had a large table, which the participants were seated comfortably around. No 
particular seating arrangement was adopted for any group. The tape recorder was 
positioned in the centre of the table, in the centre of the focus group. It was a digital pocket 
recorder, so it was unobtrusive and did not distract participants from the discussion. Maps of 
the Burdekin catchment were placed in the centre of the table. The maps were provided for 
the participants to refer to during the discussions if needed. They also help ‘set the tone’, or 
‘scene’ for the discussion.  
 
A two-sided name card was placed in front of each participant, so each participant could see 
all the others’ names. Participants were also provided with hard copies of the background 
notes (for reference) and a pen for recording their comments. Each participant was supplied 
with one blank sheet of paper per question, with the relevant question printed at the top of 
each sheet.  
3.6.3 Welcome, introduction, presentation 
On arrival, the participants were greeted and offered refreshments, after which the focus 
groups officially began with a welcome and brief explanation of the procedure for the 
session. Participants were reminded that the discussion would be recorded and they were 
advised that a note taker was present to take notes and observe the discussion. Each 
participant was then asked to briefly introduce her/himself, beginning with the moderator and 
note-taker. A short PowerPoint presentation based on the background notes (Appendix 1) 
was then given. The presentation was designed to refresh the memory of participants who 
had read the background notes and to inform any participants who had not yet done so. No 
questions about investing in ecological infrastructure were taken at this time. This was to 
ensure, as much as was possible, that each participant had the same knowledge of the 
concept at the beginning of the focus group (see the Instruments section above).  
 
The presentation was also used to explain the purpose of the focus group. It is suggested 
that the purpose of the focus group should be explained after the discussion is completed 
(Stewart et al. 2007). In this case, however, participants could not be asked to participate 
without revealing the purpose of the focus group interviews, which was to explore their views 
on investing in ecological infrastructure. 
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3.6.4 Interview procedure 
When everyone was ready, the first question was read out and the participants were asked 
to write down their comments. After everyone had finished writing, each participant was then 
asked to read out their responses in turn. Key words and short phrases that represented the 
substance of each response were recorded on an electronic white board, and clarification 
and/or explanation of the responses was requested when required. Participants were asked 
to discuss or raise points about each comment as the ‘round robin’ recording of responses 
proceeded. These additional comments were recorded alongside, or with/within the initial 
response they related to. When the comments and discussion on the question were 
exhausted, the process was started again with the next question in the questioning route. 
For each question a different participant was asked to provide the first response. This 
approach made the procedure fairer, because each participant had at least one opportunity 
to provide the first response for a question. 
 
Each question had a separate ‘page’ allocated to it on the electronic whiteboard and each 
whiteboard ‘page’ was copied for data collation and analysis. The note taker for each focus 
group was tasked with taking a more detailed account of comments, key phrases and direct 
quotes than that recorded on the whiteboard (Stewart et al. 2007). Where possible, the note 
taker also recorded non-verbal ‘body language’ that may have given emphasis to a 
participant’s comments (Stewart et al. 2007).  
 
After the final question was discussed the participants were asked if they had any questions 
or additional input. They were then thanked for their attendance and valuable contributions. 
Once all discussion on the topic was exhausted, the tape recorder was turned off and 
participants were invited to depart or stay for informal discussions if they wished. Each 
participant was thanked personally before they left. When all the participants had departed a 
‘de-brief’ was held between the moderator and note-taker. This was undertaken to ensure 
that important, unusual or controversial points raised during the discussions were recorded 
accurately and also to ensure that any potential problems were identified while they were still 
fresh in our minds.   
 
One or two days after the focus group the participants were contacted and thanked in writing 
for their attendance. When the analysis was completed, a summary report22 of the results of 
the focus group interviews was forwarded to the participants and they were invited to provide 
feedback.  
                                               
22
 A copy of this report is provided in Appendix 4. 
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3.6.5 Individual interviews 
Four individuals who could not attend the focus group that they were invited to participate in 
agreed to individual interviews. The individual interviews used the same questions and 
questioning route as the focus groups, but the interviewees answered the questions verbally, 
with the interviewer/researcher recording the responses to each question. The interviews 
were also tape recorded. 
3.7 Data collation and analysis  
3.7.1 Approach 
A key principle for developing an effective and efficient approach to analysis is to base the 
extent or concentration of the analysis on the purpose of the focus groups (Krueger, 1994). 
Krueger and Casey (2000) provide a general continuum of the level of extent or 
concentration of analysis based on four different ways of capturing the data, moving from 
extensive through to restricted: 
1. Transcript-based analysis uses unabridged transcripts of the focus groups as a 
basis for analysis. Each focus group transcript can be thirty to fifty pages in 
length, but the wealth of data provides the researcher with a number of options 
for analysis. 
2. Tape-based abridged transcript approaches rely on listening to a tape recording 
of each focus group and developing an abridged transcript of the relevant and 
useful parts of the discussions. Removal of irrelevant conversation produces a 
condensed version of the focus group.  
3. Note-based analysis relies mainly on field notes, with audio or video recordings 
used only for back-up or if clarification of the notes is required. While the note-
based approach is advantageous in terms of time and equipment costs, the 
quality of the analysis depends on the ability of the note taker to capture the 
relevant parts of the discussion.  
4. Memory based analysis is very much the domain of professionals, as it requires 
considerable skill and experience. Memory based analysis is suited to studies 
where the results will be clear cut, such as a choice between products.  
As already discussed, the focus group participants would be initially providing written 
responses to each of the questions and these would be summarised and written down on a 
white board for group discussion.  
 
The purpose of these focus group interviews was to find out key stakeholders’ views on the 
concept of investing in ecological infrastructure, both in terms of their own region and in 
general. The second aim of the Lower Burdekin focus groups was to gain an indication of 
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how easily the participants related the concept of ecological infrastructure to their social-
ecological ‘reality’ (see ‘Instruments’ above). Stewart et al. (2007, p. 109) argue that for 
“exploratory research”, as was the case with these focus groups, a simple descriptive 
narrative is appropriate and “often all that is necessary”. A note-based analysis, based on 
the participants’ written comments and the electronic whiteboard notes, would provide a 
sufficiently comprehensive data set to inform a simple narrative. In addition, the more 
detailed notes compiled by the note-takers and the audio recordings could be used to clarify 
and enrich the data where necessary.  
3.7.2 Strategy 
There is a wide spectrum of approaches to coding qualitative data, from those that develop 
the coding system before the data is collected, to those that allow the codes to “emerge” 
from the data themselves (Crabtree and Miller, 1992). Krueger and Casey (2000, p. 132) 
suggest that “beginning analysts use the long-table approach”. The process for carrying out 
the long table approach can be summarized as follows (Krueger and Casey, 2000):  
1. Colour code each focus group transcript (for example print out the researcher’s 
focus group on yellow paper, the farmer’s group transcript on blue paper and so 
on) and place the transcripts on a long table (or floor or wall). 
2. Write each focus group question on a separate flip chart.  
3. Cut out each of the participants’ responses to the questions, placing them under 
the appropriate question on the flip charts and grouping (categorising) similar 
quotes together. 
4. After steps one through three are complete, write a descriptive summary of 
each grouping of responses to each question. 
5. Look for themes that cut across the questions, that is, for things that come up 
repeatedly.  
A similar approach “The Scissor and Sort Technique” or “Cut and Paste Method” is outlined 
in Stewart et al. (2007, pp. 116-117): 
1. Go through the transcripts and identify sections relevant to the research 
questions. 
2. Classify (categorise) major topics and issues and code them using different 
coloured brackets or symbols. 
3. Cut out each coloured part, and sort so that all material relevant to each topic is 
placed together. 
4. Develop a summary report based on each topic. 
These types of techniques are useful and efficient (Stewart et al. 2007). However, they can 
rely heavily on the judgement of a single analyst to determine the importance and relevance 
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of participants’ comments, the categories for the topics discussed, and to interpret ‘what it all 
means’ (Stewart et al. 2007). Such approaches carry with them greater risks for subjectivity 
and potential bias (Stewart et al. 2007); for example, by listening for input that confirms the 
researcher’s own beliefs (Greenbaum, 1993). On the other hand, with respect to analysis, 
there is a distinct advantage to the researcher functioning as both moderator and analyst. 
Performing both roles can provide the analyst with more insight and in-context knowledge 
about the overall research and allow him/her to link the research question, the research 
objective and the data gathered (Litosseliti, 2003).  
 
The strategy finally decided on was adapted from the “Long-Table” and “Scissor and Sort” 
techniques and, as stated above, based on the note-taking approach:  
1. Each focus group’s responses were coded (Krueger and Casey, 2000). 
2. Each question was written on a separate document (Krueger and Casey, 2000). 
3. Each group’s responses were placed under the appropriate question. 
4. Responses on each document were then studied and similar comments were 
grouped together (Stewart et al. 2007; Krueger and Casey, 2000).   
5. The groups of similar responses were examined for themes that emerged from 
each question. For example, the comments “Water is a basic necessity”, “The 
connection to water is central”, “Water is a vital resource - without water there is 
no life” and “Water is as important as air” were all placed under the theme 
Water is essential for life.  
6. To facilitate the identification of themes that cut across the questions (Krueger 
and Casey, 2000) the six documents were converted into three tables (see for 
example Table 3.1)  
7. A summary report based on the groupings of the responses to each question 
was developed (Stewart et al. 2007).  
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Table 3.1: An example of the strategy adopted for coding and sorting focus group data. 
Two focus groups’ responses to the question of water’s role in participants’ work and lives, sorted 
according to themes that emerged from the discussions.  
 
Focus Groups: Sorted Data Q1 
 
What role does water play in your work and life? 
 
 
FG1  
Water is essential for life 
Basic necessity: connection to water is 
central, essential 
 
Ecology 
Habitat 
Ecology, people;  understanding the role of 
connectivity 
Materials for processing, flooding 
 
Society/Economy 
Entire careers are focused on water  
Focus for work 
Economic driver for community 
Energy source (hydro) 
 
 
 
 
 
 
Recreation/amenity 
Recreation, use and non use (e.g. aesthetic: 
provides bird life/animals around house, 
gardening, long showers, ice for drinks, 
setting for social interaction (choose to live 
near water) 
 
 
FG2 
Water is essential for life 
Vital resource: No water – no life 
As important as air 
 
Ecology  
Sustainability of ecosystems (waterways)  
Replenish aquifer 
 
 
 
Society/Economy 
Income, financial security (irrigation of crops) 
Availability impacts direction of business, 
jobs, future of district 
Costly – time & money; cost of water and 
supplying it 
National sustainability of agricultural land 
Health of Australian export income:  
 
 
 
Recreation/amenity 
Important for lifestyle, recreation 
 
 
 
3.7.3 Reporting 
There are various ways of structuring a report (Litosseliti, 2003; Krueger and Casey, 2000; 
Morgan, 1997). For example, Krueger and Casey (2000) suggest structuring it around either 
the questions or the themes. Litosseliti (2003) suggests that reports of focus group results 
should also answer the questions of: 
1. Were the objectives of the focus group interviews achieved? 
2. What was confirmed and what was challenged by the findings? 
3. What new ideas emerged? 
 
In contrast, Morgan (1997, p. 63) argues that “there are no hard and fast rules”, because the 
format will largely “reflect earlier decisions”, such as those about whether the research was 
exploratory or hypothesis testing, the level of directiveness adopted by the moderator, and 
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whether analyses relied on counting codes or more interpretive summaries of the data. 
Notwithstanding, all three authors agree that focus group reports require a balance between 
direct quotations of the participants and summarization/interpretation, with the quotations 
used to “capture the essence of what was said” (Krueger and Casey, 2000, p. 136).  
 
It had already been decided that the Lower Burdekin focus groups were to be exploratory, 
the moderator style would be more directive and the analysis would be interpretive. The 
report format was therefore based on a narrative, which was structured around summaries of 
the responses to each of the six questions in the questioning route (Table 3.2). 
 
Table 3.2: Lower Burdekin focus groups question route and questions. 
 
The third, fourth and fifth questions were the focus of the report. The third question was not a 
key question, but it was designed to provide an indication of whether or not the focus group 
participants were able to readily adopt the (new) concept of investing in ecological 
infrastructure. The fourth and fifth questions were the key questions. These two questions 
were therefore further delineated according to four major themes that emerged from the 
analysis:  the need to invest in ecological infrastructure; the costs and benefits of investing in 
ecological infrastructure; how we should invest in ecological infrastructure; and priority areas 
for ecological infrastructure investment.  
 
The conclusion of the report was structured to answer the three questions proposed by 
Litosseliti (2003) above, and direct quotes were used throughout the narrative to connect the 
reader and the original participants of the focus groups (Morgan, 1997).  
Question Route Questions
Introductory question 1. What role does water play in your work and life? 
Transition questions
2. What is your view on the development of the Burdekin’s water 
resources to date?
3. What is your understanding of the ecological infrastructure of the 
Lower Burdekin?
Key questions
4. What is your view on investing in the ecological infrastructure of 
the Burdekin to ensure long-term water resource security? 
5. To make sure we’ve captured the key points, can each of you 
reflect on all the comments shared in the discussion and then 
identify which aspects you think are most important?
Ending question 6. Is there anything we should have talked about, but didn’t? 
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3.7.4 Interviews 
Data collected from the interviews were coded and collated in exactly the same way as the 
focus group data. They were not included with focus group data, but were used to further 
substantiate, or question findings and conclusions from the focus group data. The 
interviewees’ responses were therefore not reported. 
3.8 Research ethics 
Ethics approval was gained for conducting focus groups and interviews. The following ethics 
considerations were relevant for the Lower Burdekin focus groups: informed consent; 
establishing confidentiality; protecting privacy; secure data storage; making feedback 
available; and research involving vulnerable groups (Appendix 3). These requirements had to 
be fulfilled, as per the National Statement on Ethical Conduct in Human Research 
Guidelines, before approval to conduct the research was granted.  
 
The focus group interviews could not be undertaken, however, without a comprehensive 
understanding of the social-ecological context that participants had influence over, and were 
influenced by. Thus we now turn to the environmental history of the Lower Burdekin region.   
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Chapter 4  - An environmental history of the Lower 
Burdekin region 
4.1 Introduction 
Water is essential for life. The development of human civilization is therefore inextricably 
linked to the discovery and exploitation of the world’s water resources (Postel, 1999; 
Drucker, 1965). This is particularly the case with irrigation settlements. The abundance of 
water, soil and sun make the ecological infrastructure of the Lower Burdekin highly suitable 
for irrigated agriculture. Hence it is not surprising that this region is one of Australia’s premier 
irrigation areas. Other aspects of the Lower Burdekin’s natural environment, however, place 
this region in a rare position in terms of its potential for long-term, ecologically sustainable 
agricultural production.  
 
Water-logging and ‘salinization’ of irrigated landscapes have accompanied the practice of 
irrigation for at least 4,000 years, and today these problems have reached global dimensions 
(Khan et al. 2004). The Lower Burdekin flood plain is close to the sea, and it is also 
subjected to regular, large flood events. The regular floods and proximity of the Lower 
Burdekin to the coast enable salts that have accumulated in the region’s irrigated agro-
ecosystems to be ‘exported’ comparatively easily, if adequate surface water and 
groundwater drainage and disposal systems are put in place.  
 
The second major attribute of the Lower Burdekin is the aquifer system that underlies the 
delta region (Figure 3.2). This aquifer is not only an extensive one that can provide irrigation 
water for a large area of crops, it can also be artificially re-charged. The aquifer can thus be 
drawn down and then refilled from an external water supply. This provides irrigators in the 
Lower Burdekin delta with access to more water than is available through natural recharge 
(Section 4.3.2).  
 
The additional environmental attributes of the Lower Burdekin are a result of the 
development of its ecological infrastructure over a long period of time. Despite its unique 
ecological infrastructure, however, ground water levels are rising in parts of the Lower 
Burdekin and falling in others, the risk of ground water and soil salinization is spreading, and 
the delta aquifer is once again at risk of seawater intrusion. These particular issues are but a 
few of the many environmental problems facing the Lower Burdekin and other social-
ecological systems across the globe; problems that are largely a result of built infrastructure 
development over a comparatively short period of time.  
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This chapter examines the development of the ecological and built infrastructure of the 
Lower Burdekin.  Like all irrigation developments, the environmental history of the Lower 
Burdekin is characterized by extensive ecological changes. Such changes are largely 
brought about by technological advances, and driven by cultural world views.  
 
4.2 Environmental history of water resource development in the 
Lower Burdekin: changing natural environments  
4.2.1 The development of the Burdekin upper catchment 
The geological base of the Upper Burdekin dates back to the Palaeozoic (542 to 251 million 
years ago (MYA))23 (Fleming et al. 1981). Long periods of prolonged erosion and weathering 
have left the upper catchment relatively flat and predominated by the plains, lowlands and 
tablelands that we see today (Fleming et al. 1981).  
 
The beginning of the Burdekin River system dates back to the Mesozoic (251 to 65.5 MYA) 
(Mortiss, 1995). The drainage of the Burdekin catchment is believed to have reversed in the 
middle to late Tertiary (around 30 to 10 MYA). This was a result of major earth movements 
that uplifted the present upland areas relative to the coastal plains and changed the system 
from an inland to a coastal drainage. In the latter part of the Tertiary, sea level was 
considerably lower than at present and headward erosion of streams from the low-lying 
coastal plain eventually ‘captured’24 the Burdekin River (Fleming et al. 1981) (Figure 4.1).  
                                               
23 The geological time scale is based on the US Geological Society’s “Divisions of Geological Time - 
Major Chronostratigraphic and Geochronologic Units” (2010). 
24
 Headward erosion is the backwards erosion of material at the source of a river or stream. Broken 
rock and soil at the source are carried away by the river, causing the source of the river to erode in 
the opposite direction to its flow. The land behind the river’s source may, over time, become lower 
and cause the river to cut backwards into a neighbouring valley to “capture” another river (Figure 4.1). 
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Figure 4.1: An example of headward erosion and stream capture.  
Before: Headward erosion causing the source of Mullum Mullum Creek to move in the opposite 
direction to the creek’s flow. After: Mullum Mullum Creek has cut backwards into, and “captured”, 
Heatherdale Creek. (Hills, 1960; Figure 150). 
 
This resulted in a deeply incised gorge through the Leichhardt Range (Petheram et al. 
2008). The Leichhardt Range separates the ‘Upper Burdekin’ rangelands from the ‘Lower 
Burdekin’ coastal floodplain (Figure 4.2). It is at the head of this gorge that the Burdekin Falls 
Dam was built.  
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Figure 4.2: Satellite image of the Lower Burdekin floodplain 
with the Burdekin Falls Dam, Leichardt Range and Lake Dalrymple 
in the background (adapted from CSIRO Land and Water, 2005). 
 
The uplift and river capture also led to an increase in erosion due to a considerable lowering 
of base level25. Sediments eroded from the rising upland were deposited in the lower lying 
areas, in particular along the coastline. The coastline has been shifting almost continuously 
over the last million years, so the sediments have not accumulated in the same area, and 
much of the deposition is submerged on the current continental shelf (Fleming et al. 1980). 
Since 1986, the amount of sediment discharged from the Burdekin catchment has varied 
between 103,000 and 15.7 million tonnes per year (Kuhnert et al. 2012). Most of this 
sediment is mobilised during large flood events (Fielding et al. 2004). The development of 
the upper Burdekin catchment has thus been a continuous process for the past 250 million 
years. 
4.2.2 The development of the Lower Burdekin region 
Development of the current Lower Burdekin delta and floodplain is much more recent, 
beginning after the postglacial rise and stabilization of sea levels around 6,000 years ago 
                                               
25
 “Base level” is the lowest level to which a stream may erode, in the case of the Burdekin’s coastal 
streams this is sea level. Generally, a lower base level means a higher gradient, thus a higher flow 
velocity and increased erosion (Nelson, 2003). 
Lake Dalrymple
Leichardt Range
Lower Burdekin
Burdekin Falls Dam
N 
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(Wolanski and Chappell, 1996). The Lower Burdekin consists of two major depositional 
environments: 
1. A complex layering of gravel, sand, clay and mud units deposited predominantly by 
fluvial26 processes (Fielding et al. 2004); and  
2. Marine deposition (Fleming et al. 1981). 
Fluvial deposition 
Due to high river discharge and low tidal energies, the Burdekin River delta has been 
dominated by fluvial deposition, much of which occurs during flood events (Fielding et al. 
2004). The area of fluvial deposition is similar within the Burdekin, Haughton and Barratta 
Plains. The thickness of these sediments is generally around 50 metres (Fleming et al. 1981) 
and increases to a maximum depth of up to 100 metres near the coast (McMahon et al. 
2000) (Figure 4.3).  
 
Figure 4.3: Cross-sections of the Burdekin River Delta  
showing sediment distribution and approximate position 
of the seawater interface (Bristow et al. 2000). 
 
In the late Holocene the Burdekin River broke through the ‘rocks’ region near Mount Kelly 
and changed its course to flow south of Mount Kelly (Figure 3.2). Since then fluvial 
                                               
26
 “Fluvial” means “of, or pertaining to a river or rivers; found, or found living in a river” (Oxford English 
Dictionary, 2011(a)).   
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sedimentation has caused progradation27 of this southerly section of coastline (Fielding et al. 
2004). Numerous palaeochannels28 and associated river-mouth deposits have been 
identified in the Lower Burdekin, (Fielding et al. 2006; Hopley, 1970). It is estimated that the 
Burdekin River has changed its course some 13 times over the last 8-10 thousand years 
(Fielding et al. 2004). 
Marine deposition 
According to Fielding et al. (2006) the sea transgressed considerable distances inland during 
the Pleistocene (2.6 MYA to 11,700 years ago) inundating the geographic region presently 
used for irrigated agriculture. Holocene deposition of sediments in the lower Burdekin also 
coincided with rapid sea-level transgression. From a ‘low stand’ around 18,000 years ago 
(Chappell et al. 1996), sea levels increased until they reached a ‘high stand’ 5,500 to 3,700 
years ago (Larcombe et al. 1995). During this period, marine sediments were deposited 
more than 10 kilometres inland from the present coastline (Fielding et al. 2004). The 
deposition of marine sediments in the Lower Burdekin over time has led to large variations in 
groundwater salinity (from less than 50 milligrams per litre (mg/l) to greater than 100,000 
mg/l (Lenahan and Bristow, 2010))29.  Long-term monitoring of groundwater in the Lower 
Burdekin has revealed a steady decline in water quality. This decline is a result of changes 
to the hydrologic cycle caused by irrigation infrastructure and practices. Humans had 
occupied the Lower Burdekin for a considerable period of time before irrigation began, 
however.  
4.2.3 Human-induced environmental change   
Maintaining ecological infrastructure  
It is difficult to determine when the first human inhabitants arrived in the Lower Burdekin. It is 
fairly well established that people have been in Australia for at least 40,000 years and some 
archaeologists argue that Aboriginals have occupied the continent for more than 50,000 
years (Pascoe, 2014; Dixon, 2002). There is general agreement that the first settlers came 
from South-east Asia, simply because they could not have come from anywhere else (Dixon, 
2002). The first people to arrive in Australia could have expanded throughout the continent 
from the north, or travelled around the perimeter and fully populated the coastal regions, 
before venturing into the interior (Bowdler, 1977). In either case, it can be presumed that the 
Lower Burdekin was occupied within a couple of thousand years of the first arrival (Birdsell, 
                                               
27
 “Progradation” is the outward growth or advance of a shore or shoreline as a result of the 
accumulation of waterborne sediment or beach material (Oxford English Dictionary, 2011(b)) 
28
 “Palaeo” means old, ancient or belonging to geological past (Oxford English Dictionary, 2011(c)). 
29
 In comparison, the salinity of seawater is 35,000 MG/L (Water Reuse Foundation, 2007). 
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1957), because once the continent was fully populated, it is likely that there would have 
always been people living along the coasts and major rivers (Dixon, 2002).  
 
Prior to European settlement the total Aboriginal population in Australia is estimated to have 
been around one million people, and these were organised into about seven hundred tribes. 
Each tribe had its own territory, social system, traditional oral literature and laws, song styles 
and language (Dixon, 2002). Tribal boundaries typically run along a mountain ridge or 
through a strip of barren country. The tribal territory is often centred on an important water 
feature, or features. Tribal territory frequently included a number of ecological zones within 
and through which people moved, following the natural pattern of food availability according 
to seasonal variations (Dixon, 2002). The extent of the First Australians’ approach to water 
resource development mainly involved protecting natural springs and rock reservoirs and 
creating and extending artificial reservoirs in the drier areas (Powell, 1993). Small, temporary 
dams were also constructed, as well as fish traps, which have been found on inland water 
courses, as well as on the coast (Brayshaw, 1990).  
 
Radiocarbon dating of samples taken from excavations at Hervey’s Range (approximately 
100 km north of the Lower Burdekin) confirm that there were Aboriginals living at this 
particular site around 4,000 years ago (Brayshaw, 1990).  Apart from artefacts found in the 
granite outcrops in Mount Burrumbush National Park west of the Haughton estuary, no relics 
of Aboriginal presence have been found in the Lower Burdekin valley (Brayshaw, 1990; 
Fleming et al. 1981; Ullman and Nolan, 1975). However, it is thought that detailed surveys, 
particularly in coastal and riverine areas, would locate more prehistoric sites (Fleming et al. 
1981).  
 
Perhaps the only recorded account of what life was like for the first occupants of the Lower 
Burdekin region was that of James Morrill. Morrill was the sole survivor from the shipwreck of 
the barque “Peruvian”, which ran hard aground on the outer edge of the Great Barrier Reef 
in March, 1846. He spent the next 17 years with the Aboriginals, most of which was with the 
Bindal people, who occupied the coastal lands between Cape Cleveland and the mouth of 
the Burdekin River (Brayshaw, 1990). By his own account, Morrill ranged freely throughout 
the Bindal’s tribal lands, but he only makes fleeting reference to the Burdekin River. For 
example, upon hearing that another tribe had been shot down by white and black men on 
horseback (sometime around 1861), Morrill travelled south to the Burdekin River, thinking 
that his chances of returning to civilization would be greater on the river than at Mount Elliot, 
where “he had been living” (Morrill, 1864, p. 47). Morrill also states that “The aboriginals 
among whom I have been living ... never stay long in a locality, as soon as one place 
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becomes a little exhausted of food they travel to another” (Morrill, 1864, pp. 52-54). This last 
statement is a significant one, because it suggests that the Bindal purposely and 
purposefully maintained the integrity of their ecological infrastructure, by only exhausting the 
resources of a locality “a little” and then moving on to another place. This was a quite 
different approach to ecological infrastructure than that of the Europeans, who were now 
moving up quickly from the south.  
Natural environment to pastoral runs 
The Burdekin River was named by the explorer Ludwig Leichhardt during an expedition that 
traversed the interior of the continent in 1845. Six years prior to Leichhardt’s naming of the 
inland Burdekin, Captain John Wickham had discovered the mouth of the Burdekin and 
named the river after himself (Connolly, 1964). George Elphinstone Dalrymple proved that 
the Burdekin and Wickham Rivers were the same river in a later expedition upstream from 
the sea. He wrote of the lands on the Burdekin delta that “no finer cattle runs existed in 
Queensland for the richness of their soil, grasses and herbage, and the purity of their 
abundant water” (Connolly, 1964, p. 19).  
 
Queensland separated from New South Wales in 1859, and the first Queensland Parliament 
quickly introduced legislation to regulate the occupation of crown lands in the unsettled 
districts. Early in 1861, G.E. Dalrymple was appointed as Crown Lands Commissioner for 
the northern pastoral district of Kennedy. Dalrymple began to receive applications for 
occupation licences from April, 1861 and the pastoralist settlers quickly spread through the 
Burdekin Basin and beyond (Connolly, 1964).  
 
Under European occupation, the ecological infrastructure that the Aboriginals had managed 
sustainably for thousands of years began to change quickly, and one of the first changes 
was the violent removal of the region’s former custodians. The north-bound squatters were 
accompanied by a detachment of Native Mounted Police, who had been recruited in the 
south and trained to ride horses and shoot. The prime task of this detachment was to 
‘disperse’, or drive off the original inhabitants with such violence that any who managed to 
avoid being shot or run down by the mounted troopers fled the area anyway (Connolly, 
1964). Even those who avoided ‘dispersal’ found themselves crowded off their lands by the 
newly introduced flocks and herds. Precious waterholes were drained and/or polluted, killing 
the fish in the streams and driving off the fauna, all of which were vital to the Aboriginals’ 
survival (Connolly, 1964; Morrill, 1864).   
 
Squatters had been advancing for two years through the bush where James Morrill ranged. 
Reports of the violence accompanying this advance, however, caused Morrill to delay his 
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return to ‘civilization’ for fear of being mistaken for an Aboriginal and shot (Connolly, 1964). 
Morrill eventually made his way south of the Burdekin, and on the 25th January, 1863 he 
revealed himself to armed stockmen on a cattle run on the Bowen River (Morrill, 1864).  
Pastoral runs to irrigated agriculture 
More settlers were drawn to the North Queensland ‘frontier’ when gold was discovered in 
several locations during the late 1860s through to the 1880s30. Each new gold strike brought 
with it a lift in population and a corresponding increase in the demand for sugar (Connolly, 
1964). So the Queensland sugar industry expanded quickly31, and found the financial means 
for that expansion via investment and speculative funds pouring in from Britain (Connolly, 
1964)32. By 1880 there were 211,046 people in Queensland, compared to 28,056 only 
twenty years earlier. The demand for sugar was greater than the industry could supply, and 
the price of sugar continued to rise. In North Queensland every river and inlet was explored 
for land suitable for cane growing, and attention soon became focused on the Burdekin delta 
(Connolly, 1964).    
 
For the first thirty years of the sugar industry in the Lower Burdekin, cane was grown on four 
large plantations (Seaforth, Airdmillan, Kalamia and Pioneer) and on a number of smaller 
farms. All of these were ‘selected’33 from Jarvisfield, an old pastoral run, which occupied 80 
square miles (51, 200 acres) on the north bank of the Burdekin River. The four plantations 
crushed their first cane within a few months of each other, Airdmillan in 1883 and the other 
three in 1884. The sugar produced from the Lower Burdekin mills was carted to Barratta and 
Plantation creeks, loaded onto steam driven barges, lighters and small launches and 
shipped to Townsville (Connolly, 1964). 
 
An idea of the extent to which sugar cane growing has changed the natural landscape of the 
Lower Burdekin over time is indicated by the following data. The area under sugar cane in 
the delta was around 2,000 acres in 1889 (MacKinnon, 1890). By 1900 this had doubled to 
4,000 acres. Another 2,000 acres was added between 1900 and 1920 (Ullman and Nolan, 
1975). By 1930 the total area under cane in the delta had increased from 6,000 to 21,000 
acres and another 10,000 acres were added by 1940. Only 4,000 acres were added 
between 1940 and 1950, largely due to World War 2. However, by 1963/4 the total area 
                                               
30
 The location and timing of these discoveries were: the Gilbert, 1869; Charters Towers, 1872; the 
Palmer, 1873; the Hodgkinson, 1875; and Mount Morgan, Croydon and Normanton in the 1880s 
(Connolly, 1964). 
31
 In 1867/68 there were six sugar mills in Queensland and nine mills in New South Wales. By 1885 
there were 102 mills in New South Wales and 166 in Queensland (McKillop, 2007). 
32
 A large proportion of these funds had been earned from Australian goldfields (Connolly, 1964). 
33
 In Queensland large tracts of pastoral leasehold land were sub-divided into small freehold or 
leasehold agricultural farms, which were taken up, or ‘selected’ by townsmen, tradesmen, bush 
workers and immigrants (Cameron, 2005). 
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under cane in the Lower Burdekin reached 53,800 acres (Ullman and Nolan, 1975). Eighty 
square miles of sugar cane is a significant environmental change, in terms of land clearing 
and the development of associated built infrastructure such as roads, rail lines, bridges and 
buildings. Irrigating this crop was also a significant ecological issue, because it resulted in 
the Lower Burdekin’s aquifer system being at risk of seawater intrusion.   
Maintaining the integrity of the Lower Burdekin aquifer 
In 1964 the cane assignment area in the Lower Burdekin delta was increased to 71,000 
acres (approximately 28,700 hectares) in line with recommendations of the Gibbs Report on 
an expansion of the Australian sugar industry (Burdekin Project Committee, 1976(a)). 
However, by 1963 there was sufficient data available to confirm that the aquifer was no 
longer able to meet irrigation requirements, particularly during a succession of dry years, as 
had occurred in the early 1930s. Between 1965 and 1977, the area under sugar cane in the 
Lower Burdekin increased only by around 2,000 hectares (Burdekin Project Assessment 
Committee, 1978). The limiting factor for the continued expansion of agriculture in the Lower 
Burdekin was, as it had always been, the availability of water for irrigation. The delta aquifer 
was fully exploited. So, for the natural environment of the Lower Burdekin, the period 
between 1965 and 1987 was one of comparatively minor change34. The area under sugar 
cane only increased from around 31,000 hectares to 39,000 hectares. Rice, maize, sorghum 
and bean seed crops were established, but all in all these only totalled a few thousand 
hectares (Burdekin Project Assessment Committee, 1978).  
 
From the beginning of European settlement in the Lower Burdekin until 1964, the focus for 
infrastructure investment in the region had been on built infrastructure that would enable 
greater exploitation of the district’s ecological infrastructure. With the realization that the 
delta aquifer was now fully utilized, the focus changed to one of investing in ecological 
infrastructure. Specifically, maintaining the integrity of the delta aquifer so that sufficient 
irrigation water could be supplied to existing farms, and so that seawater would not intrude 
into groundwater reserves. This was accomplished by the establishment of an artificial 
aquifer replenishment scheme in 1965/66. The Lower Burdekin aquifer recharge scheme 
was the first of its kind in Australia and it has succeeded in its two-fold purpose of irrigation 
water supply and sea water barrier to this day. A more detailed description of this scheme is 
provided in section 4.3.2 below.  
  
                                               
34
 Between 1940 and 1964, the area under sugar cane in the Lower Burdekin increased from 31,000 
acres (12,500 hectares) to 71,000 acres (28,700 hectares). This was over double the increase 
between 1965 and 1987. 
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Changes to the landscape of the Lower Burdekin may have slowed in rate and extent 
between 1965 and 1987, but significant changes occurred in relation to the Burdekin River 
system during this period. For example, Eungella Dam and Clare Weir were constructed in 
1969 and 1979 respectively. In terms of environmental change, however, these two built 
infrastructure developments were minor disturbances compared to the Burdekin Dam, which 
was completed in 1987, and the BHWSS, which was completed in 2001 (Queensland Public 
Works Committee, 2003). Indeed, these two related developments ultimately brought about 
the most significant changes in the Lower Burdekin’s environmental history to date.  
The development of the BHWSS and resulting environmental issues 
It had taken around 100 years (from the late 1870s to the late 1970s) to develop the first 
40,000 hectares of farmland in the Lower Burdekin, but, with the establishment of the 
BHWSS, it took less than 15 years to develop the next 40,000 hectares of agricultural land in 
the region. The additional area under cultivation increased the gross value of the region’s 
agricultural production, from $200 million in 1987-88 to an estimated $290 million in 1999-00 
(Queensland Public Works Committee, 2003)35. However, the economic benefit has come at 
a significant ecological cost. The key environmental issues currently confronting the Lower 
Burdekin (Section 3.2.4) are summarised below: 
 Reduced peak wet season flows and increased low dry season flows. Post 
dam dry season flows are now much higher than pre dam dry season flows;  
 At all flow volumes the dam has effectively stopped the supply of coarse 
sediment from the upper catchment to the Lower Burdekin;  
 Turbidity levels are now higher at low flows; 
 Rising groundwater, dryland salinity, irrigated salinity and salt water intrusion 
(Bristow and Charlesworth, 2002);  
 Increased nutrient and pesticide loads from waste or irrigation ‘tail water’ 
outputs; and changed flow regimes of once ephemeral creeks, such that they 
now flow all year round and have elevated nutrient and sediment levels; 
 Loss of habitat; dieback of vegetation in wetlands and on stream banks due to 
water-logging; 
 Barraging of estuaries and extensive clearing of native woodlands and forests; 
and 
 Invasion of aquatic weeds and introduced pasture species, livestock impacts 
on water quality and other plant and animal populations.  
                                               
35
 All costs are in October 2000 values (Queensland Public Works Committee, 2003). 
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Working through each of the above issues, we can accept that altered natural flows and 
reduced sediment discharge are probably unavoidable consequences of damming a river, 
and that the turbidity issue was completely unforseen. We also know that estuaries had been 
barraged, native woodlands cleared, and the pest and livestock-related issues had occurred 
before the Burdekin Dam was constructed. However, the last three issues cited in the 
bulleted list above are somewhat less acceptable.  
 
A CSIRO ecological study clearly identified rising groundwater, salinization and pesticide 
and nitrogen discharge into natural systems, as “significant” potential problems that could 
result from the proposed developments (Fleming et al. 1981, p. xxxix). The first irrigation 
farms in the BHWSS were purchased in 1988; seven years after CSIRO’s concerns were 
published. Arguably, the rising groundwater/soil salinity and nitrogen/pesticide issues were 
therefore avoidable, but they are now growing problems in the Lower Burdekin. Indeed, the 
ecological, and thus socio-economic, sustainability of some parts of the BHWSS is now at 
risk from rising groundwater and salinity levels (Williams et al. 2009).  
 
Irrigation induced salinity and waste discharge problems are only two of several major issues 
that have resulted from extensive and rapid changes to the natural environment of the Lower 
Burdekin. And these changes are characterized by the increasing loss and degradation of 
ecological infrastructure. Driving these changes is the ever-increasing ability of humans to 
develop built infrastructure for exploiting natural resources; an ability that is afforded by 
continuous improvements in technology.  
4.3 Environmental history of water resource development in the 
Lower Burdekin: changing human technology  
4.3.1 Firestick farming and maintaining ecological infrastructure 
In terms of environmental change, the most impactive technology used for NRM by 
Australia’s first human inhabitants was fire. It is widely accepted that fire was used by the 
Aboriginals to turn forests into grasslands and more open savannah woodlands that were 
favourable to kangaroos, emus and smaller game mammals (Powell, 1993). Recent 
research suggests, however, that the frequency, intensity, timing and scale of fires was 
skilfully controlled to produce associations between plants, forests and copses, and to create 
similar plant patterns across Australia (Pascoe, 2014; Gammage, 2011). The first 
observations of the use of fire near the Lower Burdekin region were recorded in 1770 by 
Captain Cook, who saw “Smooks” in several places in Cleveland Bay, just to the north of the 
Lower Burdekin (Beaglehole, 1955; cited in Brayshaw, 1990). In September 1860, Smith and 
Dalrymple sailed up the Queensland coast and reported seeing the fires of the Aboriginals 
80 
on the Cumberland Islands, on Whitsunday Island and on the adjoining mainland, in Upstart 
Bay, on Cape Upstart, and Magnetic Island. Further north, in Halifax Bay, Dalrymple 
remarked that “their smokes rose from every part of the coast, hills, and the islands” 
(Dalrymple, 1860; cited in Brayshaw, 1990).  
 
Their methodical approach to the use of fire for long term environmental change 
demonstrates that Indigenous Australians relied on proactive management of their ecological 
infrastructure, as well as adaption to it, for their survival and prosperity. During a ‘tenure’ that 
lasted more than a thousand generations (Powell, 1993) Australia’s Traditional Owners 
successfully negotiated ice ages, interglacials and the accompanying environmental 
changes, including sea level rises and falls. But the Aboriginals had no written language, and 
many tribes were decimated by European guns, alcohol and disease. Many Aboriginal 
languages have been lost36, so we may never be able to comprehensively document the 
original Australians’ deep understanding of their landscape.  
 
James Morrill provides a detailed description of how the Bindal people made fire. What is 
most interesting about Morrill’s account, however, is the complete lack of reference to 
‘firestick farming’ or hunting with fire. Given his effort in explaining how fire is made, it seems 
strange that Morrill would fail to give any account whatsoever of the practice of firing the 
bush, if this was a regular and/or important activity of the tribe he spent 14 years with. A 
further indication that the Bindal may not have regularly used fire during Morrill’s stay comes 
from his description of their hunting and gathering practices (Morrill, 1864, pp. 54-66):  
They get their living by fishing, hunting, digging in the earth for roots, gathering 
fruits etc...They make very good mesh nets” (from “fine flax”) for fishing and 
hunting. They place their net for hunting in the most frequented paths of the 
kangaroo, or whatever they are hunting for, and they then go and beat them up 
and drive them in. They catch a great many birds with snares, merely loose 
knots, which are placed in the thick grass and reeds in the swamps, and as the 
birds go through in quest of food, in the night, they are caught.  
Fire is of little use when it comes to fishing, gathering fruits and digging for roots. Morrill 
(1864, p. 71) also describes the Mount Elliott lands where he lived as “well watered and 
grassed” and “very low and swampy in many places”. The reasons for regularly firing the 
                                               
36
 Since colonisation, only about 145 out of 250 or so original Indigenous languages are still spoken to 
some degree. Many languages are not fully spoken by anybody, and only some words and phrases 
are remembered. Less than 20 languages are considered to be strong, in the sense that they are still 
spoken by all generations (Australian Bureau of Statistics, 2012). 
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bush were to clear forests and create lightly wooded areas or grasslands37. Such 
environments were more suitable habitat, and also easier hunting grounds, for key prey 
species. In areas where the land was already “well grassed”, and prey was readily available, 
as Morrill describes, there seems to be little point to firing the bush, particularly when 
Morrill’s description of net and snare hunting is included among the considerations. Thick 
grass and reeds provided ideal places to set and hide snares and traps. It seems unlikely 
that the Bindal would destroy the means to an important and regular source of food supply 
by setting fire to it.  
 
The recorded observations of Aboriginal fires along the north Queensland coast cited in 
Brayshaw (1990) provide further cause for speculation on the Bindal people’s use of fire for 
NRM. In these observations fires are reported from Cape Upstart south and from Cape 
Cleveland north. This leaves no recorded sightings of fires in the area that lies between; an 
area which corresponds almost exactly to the Bindal tribal lands. Gammage (2011, p. 272) 
adds further to the speculation that the coastal Bindal tribe may not have often used fire for 
NRM during the time Morrill was with them: “In short, the further inland the more often the 
land was burnt. Mangrove, fig, cedar, coastal ‘thickets’ and some palms were burnt rarely or 
never, sheoak perhaps every decade, grass and open forests in patches every 1-3 years”. 
 
From a scientific viewpoint, however, the apparent lack of evidence that the Bindal people 
regularly used fire for NRM cannot be treated as evidence that they did not use fire in this 
way. What we can gather from Morrill’s statements is that the Bindal were not just 
opportunistic hunter-gatherers. As soon as the resources in a locality were “a little 
exhausted” (Morrill, 1864, pp. 52-54), they moved to another place and thereby actively 
maintained ecological functioning. This approach came to an abrupt end with the arrival of 
European technology.  
4.3.2 European technology  
John Drysdale’s spear pump technology 
The arrival of pastoralists in the Lower Burdekin in the early 1860s brought immediate 
environmental change, and subsequent improvements in technology provided the region’s 
new custodians with the capacity to bring about greater change, more rapidly. The 
relationship between environmental change and technological improvement is exemplified 
by the development of irrigation in the Lower Burdekin.  
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 Fire was also used to drive animals towards waiting hunters (Brayshaw, 1990). But Morrill (1864, 
p.70) states that the Bindal hunters would “place their net for hunting in the most frequented paths of 
the kangaroo, or whatever they are hunting for, and they then go and beat them up and drive them 
in”. 
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Irrigation (using water pumped from lagoons) was adopted in the Lower Burdekin very soon 
after the first cane was planted. This was because “This district has proved itself to be rather 
too dry for sugar cane” (Connolly, 1964, p. 75). The first well on Pioneer plantation was put 
down in 1883. By 1888, Pioneer had the largest privately owned irrigation system in 
Queensland (Connolly, 1964). This system included nine miles of permanent canals to carry 
water to the fields, three aqueducts, three pumping stations and three natural lagoons on 
Sheep Station Creek, which were used as pumping pools.  
 
John Drysdale observed and recorded the natural replenishment of the lower and top 
lagoons (Connolly, 1964, p. 75): 
The estate has a frontage of four miles to Sheep Station Creek. This creek only 
runs during the wet season but there are two large lagoons on it which afford a 
permanent supply. There must be very strong springs at the bottom of these 
lagoons, or in other words communication with the enormous water supply 
underground, as the largest pumps we have can only reduce the level a few 
inches, and a stoppage causes the lagoon to fill up again to its original level...  
 
At an average of thirty feet from the surface, and under a layer of mangrove clay, 
a large supply of water is obtainable, which rises to within eighteen feet of the 
surface. This water is evidently connected with the lagoons above mentioned as 
the levels are similar.  
Drysdale graduated from Edinburgh University as a civil engineer. Prior to his arrival at 
Pioneer plantation in 1886, he was charged with building the last seven-foot-gauge railway in 
Britain. He was then engaged by the King of Siam to build a railway to a mine the King 
owned (Connolly, 1964). Drysdale’s study of Pioneer’s lagoons refilling, and his likely 
knowledge of delta country gained in Asia, led him to speculate that a network of water 
bearing drifts existed below the alluvial soils of the Lower Burdekin. To prove his theory, 
Drysdale sunk test wells into the drifts and at almost every test point he found plentiful 
supplies of water flowing through the gravel. If a means could be found to get the water to 
the surface and leave the gravel behind, a series of independent pumping units could be 
sited almost at will (Connolly, 1964). In 1889, John Drysdale adapted the Norton tube well38 
(Figure 4.4), by fitting an inner lining of steel gauze to the tube to keep out the finer gravel of 
                                               
38
 ‘Driven’ or ‘drive’ wells were patented around 1860 as ‘Norton tube wells’. The Norton tube well 
consisted of a 40mm to 60mm iron tube with a steel point welded to the lower end. Above the point, 
the lower end was perforated with small holes. The tube was driven up to seven metres into the 
ground by blows applied to the top of the tube by an iron weight (Rose, 2012). The Norton tube well is 
also known as an ‘Abyssinian spear’, or ‘sand spear’ (Figure 4.4).  
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the drifts. He sank a double row of these tubes into the gravel and connected them at the 
surface with a horizontal pipe, which was connected to a pump (Figure 4.5). 
  
 
Figure 4.4: Abyssinian sand spears, or Norton tube wells 
were first used in the Burdekin delta by John  
Drysdale in 1889, (Connolly, 1964; Plate 19). 
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Figure 4.5: Multiple spear irrigation pumping system exposed on the Burdekin River bed.  
This system was devised by John Drysdale in 1889, (Connolly, 1964; Plate 17). 
 
Drysdale’s spear-pump method of tapping ground water was such a success that it was 
quickly adopted throughout the delta. By 1914, the Lower Burdekin delta accounted for 65% 
of the total area irrigated in Queensland (Griggs, 2011). John Drysdale passed away on the 
12th of May, 1928, but his influence on the ecological infrastructure of the Lower Burdekin 
lingers on. Today, more than 120 years after Drysdale introduced his spear pump 
technology, 80% of the sugar cane in the Burdekin delta is still irrigated using this method. 
Today’s delta sugar crop, however, requires more irrigation water than natural replenishment 
of the aquifer can provide.  
Recharging the Lower Burdekin aquifer 
The Queensland Irrigation and Water Supply Commission (IWSC) began investigations into 
the sustainable use of the delta aquifer in 1915 (Watkins and Wolfe, 1960). Further 
investigations were carried out in 1942, 1948, and 1949, and a program of investigation 
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drilling was carried out by the IWSC between 1949 and 1951 (Burdekin Project Committee 
1976(b)). Due to mounting concern about the sustainability of the aquifer, a broad scale 
investigation of the Burdekin delta area was commenced by the IWSC in 1961. The overall 
aim of these investigations was to determine (IWSC, 1964): 
1. The adequacy of the water supply available from the delta aquifer to meet the 
present or anticipated demand under natural recharge conditions, particularly 
during long dry periods, such as have occurred in the past; and 
2. The technical and economic feasibility of measures to supplement these 
supplies, if the supplies available naturally are inadequate for present or 
anticipated demands.  
A progress report on these investigations concluded that artificial replenishment of 
underground supplies in the Burdekin delta is “essential” to avoid serious shortages and 
extensive salt water intrusion, which could commence in 1964 if no significant rainfall 
occurred before December (IWSC, 1964, p. 2). It also recommended that part of the natural 
Burdekin River flows be diverted, by pumping, into natural and artificial channels (Ullman 
and Nolan, 1975). Furthermore, wherever practicable, tidal inlets and creeks in the delta 
should be dammed, to exclude salt water and also to “improve percolation of fresh water 
runoff from the delta” (IWSC, 1964, p. 3).  
 
In November, 1964 proposals for the constitution of a Burdekin Delta Water Area and a 
Water Board to operate and maintain the necessary works were advertised. The North 
Burdekin Water Board, which comprised the areas supplying Pioneer and Kalamia Mills, was 
constituted on 13th May, 1965. The Inkerman Mill area was covered by the South Burdekin 
Water Board, which was approved by the Queensland Government on 31st May, 1966 
(Griggs, 2011). The built infrastructure for the scheme included six pumping stations (three 
on the north side and three on the south side) with a total pumping capacity of 760 ML per 
day, several re-lift pumping stations, and some 160 kilometres of natural and artificial 
channel. On the north side of the river, water is pumped into Sheepstation and Plantation 
Creeks and enters the aquifer system through the beds of these two creeks (Burdekin 
Project Committee, 1976(b)). On the south side, water is pumped into artificial channels. In 
some areas these artificial channels intersect aquifer materials along waterholes and the 
water percolates into the aquifer. In areas where the channels are too shallow to intersect 
the deeper aquifers, trenches were dug in the beds of the channels and backfilled with 
gravel to connect the channels to the aquifers (Burdekin Project Committee, 1976(b)). On 
the north and south sides of the river recharge is also effected by pumping into recharge 
pits, which have been excavated to intercept the aquifer (Figure 4.6). 
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Figure 4.6: South Burdekin Water Board recharge pit. 
(Courtesy Keith Bristow). 
 
Water pumped into channels and recharge pits is not treated before being allowed to enter 
the aquifers, but recharge pits and trenches are frequently rested to allow accumulated silt 
and algae et cetera to dry out and then be removed (Burdekin Project Committee, 1976(b)).  
 
The Queensland Government met all the investigation and design costs associated with the 
investigation of the area and formulation of recharge proposals. The two Boards met the 
costs of construction, maintenance and administration of the scheme. The Boards’ main 
source of revenue is a levy on water users and sugar mills (Ullman and Nolan, 1975). 
 
The Lower Burdekin aquifer recharge scheme has continued to evolve, and it currently 
supplies irrigation water for 40,000 hectares of sugarcane and drinking water for some 
20,000 people (Charlesworth et al. 2002(b)). Even though the recharge scheme was 
successful, the limit of the delta’s water supplies was again reached by the mid 1970s. This 
constrained the continued growth of the agricultural industry in the Lower Burdekin (Burdekin 
Project Assessment Committee, 1978; Burdekin Project Committee 1976(b)). If the Lower 
Burdekin’s ecological infrastructure was to be exploited to its full socio-economic potential, 
the Burdekin River would have to be dammed.  
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Regulating the Burdekin River 
Apart from a small weir constructed on the upper Burdekin in 1903 to provide water for 
Charters Towers, until 1953 water infrastructure development in the Lower Burdekin was 
almost entirely comprised of the bores in the Burdekin delta and their associated built 
infrastructure. This outcome would not have been expected by Queensland’s irrigation 
engineer W.H. MacKinnon, (1890, p. 23) who reported to Parliament on the potential of the 
Lower Burdekin’s water resources in June, 1890:  
In the delta of the Burdekin there are numerous lagoons of considerable size and 
depth, from which water is pumped now for irrigation, but as the water lowers 
considerably while pumping is going on it is improbable that they would supply 
enough water to irrigate a much greater area than that is at present being 
irrigated – about 2,000 acres. This could be decided by direct test with powerful 
pumps ... For a general scheme of irrigation the Burdekin River will have to be 
gone to for a supply of water.   
As it turned out, the delta’s underground water supplies were so abundant they remained the 
main source of water supply for the Lower Burdekin for over 70 years after MacKinnon’s 
visit. By 1964, however, it had become clear that the aquifer was no longer able to meet the 
increasing demand for irrigation water without supplementation from the Burdekin River. 
 
MacKinnon’s investigations of the Lower Burdekin’s water resources took him to the eastern 
edge of the gorge “by which the Burdekin finds its way through the coast range” (MacKinnon, 
1890, p. 23). It was here that MacKinnon (1890, p. 23) proposed the Burdekin dam should 
be built:  
A high dam at the mouth of the gorge would impound a very large body of water. 
What amount of storage can be had is not known as the river was running so 
strongly when it was examined as to preclude any possibility of making surveys. 
The site MacKinnon refers to is 130 kilometres upstream from the mouth of the river, and 30 
kilometres downstream of the eventual site of the Burdekin Falls Dam. MacKinnon was, 
however, quite correct about the suitability of the site he chose, because it was here that the 
Gorge Weir was constructed by the IWSC in 1953 (Figure 3.3).  
 
The Gorge Weir was the first phase in a proposed development that was to be carried out in 
four stages. The Gorge Weir was originally designed to be temporary (Burdekin River 
Authority, 1951). It would provide irrigation water for 200 farms at Clare, some 40 to 60 
kilometres from the river mouth. Thirty farms were already established at Clare at the time of 
the proposal. These farms produced tobacco, tomatoes, potatoes, pumpkins, cucumbers, 
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beans, cabbages and other cash crops. The additional 170 farms were to be progressively 
opened after the completion of the Gorge Weir. The new farms would grow tobacco and 
were part of a soldier settlement scheme39 (Burdekin River Authority, 1951).  
 
The second stage would be the construction of a 75 feet (23 metres) dam on the present 
dam site by December, 1957 (Burdekin River Authority, 1951). This dam would supply water 
to new farms on both banks of the river from Clare almost to the current Blue Valley Weir 
site (Figure 3.3). A hydro-electric power station was also to be commissioned (Burdekin 
River Authority, 1951).  
 
Stage three involved building a 95 feet (29 metres) high diversion dam at the Gorge Weir 
site and raising the Burdekin Dam to 135 feet (41 metres). At the completion of stage three it 
was envisaged that a total of 2,796 farms could be irrigated and 55,000 kilowatts of 
electricity at 50% load factor generated (Burdekin River Authority, 1951). 
 
In the final stage of development the Burdekin Dam wall would be raised to its full height of 
150 feet (46 metres) to supply water to an additional 844 farms. The hydro power station’s 
capacity would be raised to 80,000 kilowatts at 50% load factor. The estimated cost for the 
project to stage four, as at the 30th June, 1951, was £70,000,000.  
 
The projected returns from the completed development were £16,000,000 per annum from 
primary products and £2,000,000 per annum from power generation. An appreciation of the 
scale of the proposed development is gained when the projected annual return of 
£16,000,000 for the completed Burdekin River development is compared to the total value of 
irrigated production for the entire state of Victoria in 1948-49 (£17,900,000). To avoid over-
stretching the state’s financial resources and curtailing other state activities the Queensland 
Government sought financial assistance from the Commonwealth (Burdekin River Authority, 
1951). The Commonwealth was not forthcoming with the necessary funds, and the Burdekin 
River Project, for the time being, did not go beyond stage one. 
 
The release of the Burdekin River Authority Report (1951) marked the beginning of a series 
of investigations for tapping the water resources of the greater Burdekin catchment. As a 
result of these investigations the following storages were constructed: 
 Gorge Weir (1953) – storage capacity 9,095 ML (Figure 3.3) 
                                               
39
 Soldier settlement schemes were jointly funded by Commonwealth and State Governments as a 
means to assist returning servicemen to gain useful employment within the rural sector. These 
schemes involved the allocation of land for a range of agricultural purposes, including irrigated crops 
(Hallows and Thompson, 1996). 
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 Blue Valley Weir (1963) - storage capacity 3,140 ML (Figure 3.3) 
 Eungella Dam on the Broken River (1969) - storage capacity 131,000 ML  
 Clare Weir (1979/1985) – storage capacity 8,000 ML/15,500 ML40 (Figure 3.3).  
A five year investigation into the potential of the resources of the Burdekin River Basin was 
jointly undertaken by the Commonwealth and Queensland Governments and began in 1971. 
The report on the investigations into the potential of the resources of the Burdekin River 
Basin was released in July, 1977. The Queensland Water Resources Commission was 
instructed to prepare a formal development proposal. This proposal was submitted to 
Queensland Parliament and the Federal Government for consideration under a joint financial 
arrangement (Fleming et al. 1981). After examining the proposal, the Prime Minister invited 
CSIRO and the Department of National Development and Energy to undertake, with the full 
cooperation of the appropriate Queensland Government Departments and agencies, an 
ecological study of the implications of the proposed development in terms of the soils, 
climate, vegetation, hydrological and terrain aspects of the region. A summary of the 
conclusions of this study is provided in the next section.  
 
Based on the Queensland Water Resources proposal, the decision was made to proceed 
with the Burdekin River Project (Queensland Public Works Committee, 2003). Design and 
construction of the Burdekin Falls Dam began in 1980. The dam was completed in 1987 and 
filled to its storage capacity of 1.86 million ML following the wet season in 1988. The dam 
wall is a mass concrete structure with a 504 metre long overflow crest, or ‘spillway’, that is 
37 metres high (Figure 4.7).  
                                               
40
 Clare Weir was constructed in 1979. Its Initial storage was 8,000 ML. In 1985 flap gates were 
installed on the top of the weir and this raised its capacity to 15,500 ML. 
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Figure 4.7: The Burdekin Falls Dam and Lake Dalrymple.  
(Courtesy Keith Bristow). 
 
The dam forms Lake Dalrymple, which covers an area of 22,400 hectares (approximately 
five times the area of Sydney Harbour) and ponds water for 50 kilometres up the Burdekin 
River. The total cost of the dam was AUD$255.2 million41.  
 
Construction of the associated BHWSS (Figure 3.3) began in 1983 and was completed in 
2001 (Queensland Public Works Committee, 2003). Irrigation works included the 
construction of a main channel system, pumping stations, a subsidiary channel system, a 
land drainage network, and a road network (Queensland Public Works Committee, 2003). 
The pumping stations divert water from the Burdekin River into the main channels and onto 
individual farms via approximately 400 kilometres of subsidiary channels (Queensland Public 
Works Committee, 2003).  A 350 kilometre network of land drainage was also built 
throughout the BHWSS to remove excess water from individual farms to the natural drainage 
system. Roadworks for the project included a 130 kilometre sealed two lane road to service 
the Burdekin Dam, and a general access road network of 197 kilometres to service the new 
farms in the BHWSS. A pipeline from the Haughton Main Channel to Ross River Dam was 
                                               
41
 Costs are in October 2000 dollars (Queensland Public Works Committee, 2003).  
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completed in 1988, to allow supply of water to Townsville and surrounding areas. The total 
cost of the BHWSS was AUD$331.8 million (Queensland Public Works Committee, 2003). 
 
The new irrigation area consisted of: 19,400 hectares released by public auction (181 farms 
of approximately 100 hectare average size); 560 hectares released by selective ballot; 3,100 
hectares retained by existing landholders; 13,500 hectares of existing farms served without 
the need for re-subdivision; 1,400 hectares of private development based on river diversions; 
200 hectares released by priority purchase; and 110 hectares released as a long term lease 
(Queensland Public Works Committee, 2003). The Department of Natural Resources was 
the constructing authority for the project until October, 2000. SunWater, a government 
owned corporation, then assumed ownership of the scheme and responsibility for its 
operation and maintenance. Gross revenue from the sale of land and water allocations was 
“around AUD$103 million” (Queensland Public Works Committee, 2003, p. 23).  
 
The Burdekin Dam and BHWSS built infrastructure has enabled the area under irrigated 
agriculture in the Lower Burdekin to be doubled in less than 15 years. But this has also 
resulted in extensive environmental change, and the fastest rate of environmental change in 
the history of the region. The increasing scale of water infrastructure development has 
played a major role in shaping the social-ecological landscape of the Lower Burdekin, but 
various other technological developments have helped to shape the environmental history of 
the region. Most of these, such as the advent of motor tractors, sugar milling improvements 
and the introduction of technological pests have gone hand in hand with irrigation 
development. But others, like the construction of the Burdekin Bridge are a separate story.  
On farm technological improvements: motor tractors 
Canegrowers could not plough more than 0.2 hectares daily with horses, whereas a tractor 
could plough over 2 hectares in a single day. When equipped with pulleys a tractor could 
also be used to drive an irrigation pump or chaff-cutter. The earliest tractors were expensive 
and they often broke down, so they were financially unviable for most farmers. This situation 
changed with the release of the Model F Fordson in 1917. The mass-produced, steel 
wheeled Fordson was not particularly outstanding as a tractor, but it became a worldwide 
success, because it was cheap and readily available. Cost and availability were the two 
features that very often determined whether a farmer owned a tractor or not. Such was the 
popularity of the Fordson that there were 100 of them in use in the Lower Burdekin by 1924 
(Griggs, 2011). 
On farm technological improvements: water use efficiency 
Water use efficiency improvements are mainly undertaken in two areas: 
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1. Using more efficient infrastructure, for example shifting from furrow to spray or 
drip irrigation, and reducing leakage; and  
2. Making more efficient use of the water, for example delivering the correct 
amount of water at the correct time with respect to weather conditions and plant 
growth cycles.  
Horticultural farms in the Lower Burdekin primarily use drip or spray irrigation technology. 
However, furrow irrigation continues to be the most widely used irrigation method in the 
region (Charlesworth et al. 2002(a)). Sugar cane farmers in the Lower Burdekin have 
resisted adopting alternative irrigation technologies mainly because of the high capital costs 
of irrigation infrastructure and reconfiguring farms to support more efficient irrigation 
technology (Petherham et al. 2008).  
 
Furrow irrigation is often the least efficient approach in terms of water use, as water applied 
by simply flooding the furrows is lost through both evaporation and when it passes below the 
root zone of the crop. Furrow irrigation also results in some ‘tail water’ leaving the paddock 
via the drainage system. Long crop row lengths (up to one kilometre or longer on new farms 
in the BHWSS) contribute to tail water issues, because long rows make it more difficult to 
determine when to shut irrigation water off (Griggs, 2011). Many cane growers in the 
BHWSS addressed this problem by establishing water recycle pits on their farms. The pits 
are used to divert tail water into small on-farm storages. The water is then pumped from the 
small dams back into the main irrigation channels (McMahon, 1993).   
 
Irrigation scheduling had been adopted by some farmers in the Lower Burdekin by 1995. 
Here evaporation pans42 are used to supply exact amounts of water to the crop, as it is 
required. As well as reducing water use, using this approach obviates having to schedule 
irrigation based on visible signs of water stress (Griggs, 2011). The evaporation pan 
approach, however, is mainly used as a general guide and it is often applied at the farm 
scale. Most sugarcane farms include multiple paddocks and a complex array43 of sugar cane 
crops in various stages of growth. On a sugar cane farm the daily water demand of the crop 
thus varies considerably from paddock to paddock.  
                                               
42
 Evaporation pans are containers calibrated to measure water loss from a particular crop and soil 
type. 
43
 Sugar cane farming involves two distinct planting seasons (autumn and spring), as well as ‘ratoon’ 
crops that regenerate after harvesting any time from July through to December. The first crop of sugar 
cane grown from planting is known as ‘plant cane’. After the first harvest, the plant cane’s roots and 
lower part of the stalk with its buds remain in the ground. New shoots emerge from the buds to form 
another stool (clump) of cane. Each of the crops succeeding the plant cane crop is known as a ratoon 
crop, i.e. plant cane, first ratoon, second ratoon, third ratoon and so on. Sugar yield from ratoon crops 
usually become progressively lower, so a point is reached at which further ratoons are no longer 
economically viable. Australian canegrowers today rarely grow more than four ratoon crops before 
ploughing out the crop and replanting the field (Griggs, 2011).  
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More recently, a web-based irrigation optimising technique, called “WaterSense”, has been 
developed by CSIRO in conjunction with sugar industry stakeholders. WaterSense provides 
a means to constantly evaluate daily crop water requirement for individual paddocks. This 
makes it possible for Australian sugarcane growers to calculate ‘real time’ irrigation 
schedules (Haines et al. 2008). WaterSense was tested by working groups in major irrigation 
areas in the Lower Burdekin, Bundaberg, Maryborough and Atherton Tablelands regions 
between 2006 and 2009. To date, only larger corporate farms have indicated they would 
want direct access to the web-based service, but all the regions involved in the test would 
like to have district irrigation advice, produced from WaterSense, made available (Sugar 
Research and Development Corporation, 2012). 
On farm technological improvements: integrated pest management 
Growing environmental awareness saw the use of a number of chemicals withdrawn in 
Australia and Queensland from 1987 on. The insecticide BHC was banned in Queensland in 
1987, but new insecticides were not always effective and the tonnage of cane lost to cane 
grub attacks in the Lower Burdekin increased significantly in 1992, 1993 and 1994 (Griggs, 
2011). Dieldrin, heptachlor and aldrin (used against soldier fly, funnel ants and wireworms 
respectively) were also banned in 1987. Thallium sulphate (used in rat baits) was banned 
nationally in 1992. By the early 1990s, pest attacks were responsible for the loss of 350,000 
tonnes of sugar cane each year in Queensland.  
 
After the mid 1990s, Australian cane growers began redesigning the production system and 
improving management strategies. One of the improvements was the introduction of 
integrated pest management strategies (Griggs, 2011; Allsopp, 2010). The facilitation of 
changed farm practice has led to significant reductions in the tonnage of sugarcane lost to 
pest damage, as well as improved environmental outcomes from the use of less harmful 
pesticides (Hunt et al. 2012).  
Off farm technological improvements: sugar milling 
The constant increase in the production capacity of sugar mills is exemplified by Pioneer 
Mill’s production figures. During the 1884-5 crushing Pioneer Mill produced around 890 tons 
of sugar (Connolly, 1964), but by 1897 Pioneer Mill had the capacity to produce 7,000 tons 
of sugar44. In 1910 Pioneer produced 11,375 tons of raw sugar. Together Pioneer and 
Inkerman Mills produced 41,309 tons of sugar in 1928 and in 1939 the two mills produced 
72,116 tons (Connolly, 1964).  In 1963 the combined crops of the Pioneer and Inkerman 
                                               
44
 The average output of Queensland’s sugar mills in the late 1890s was around 2130 tons per mill 
(Griggs, 2011). 
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areas exceeded one million tons of cane for the first time. In 2010, Pioneer Mill’s maximum 
production capacity was 1.9 million tonnes of sugar cane (Sucrogen, 2010). 
Introduced pests 
Technology has not just impacted the Lower Burdekin’s ecological infrastructure via 
changing landscapes and exploiting water and other natural resources. It has also added 
unwanted pests. Many pest species are unintentionally introduced into ecosystems. The 
sugar cane weevil borer, for example, became established in most sugar producing districts 
north of Mackay by the mid 1910s. It was unintentionally introduced with the New Guinea 
cane varieties that were brought into Queensland in the mid 1890s (Griggs, 2011).  Some 
pests, however, were deliberately released in cane growing areas. The most infamous of 
these is the giant American toad Bufo marinas, known ubiquitously as the cane toad (Figure 
4.8). Cane toads were introduced in northern Queensland in the 1930s to control cane 
grubs. However, the toads failed in their intended purpose and they now exact a tremendous 
toll on native wildlife across northern and eastern Australia, including the Lower Burdekin 
(Department of Sustainability, Environment, Water, Population and Communities, 2011).  
 
 
Figure 4.8: The cane toad (Bufo marinas). 
Cane toads were introduced in North Queensland in the 1930s to control insect attacks on sugar 
cane. They not only failed in their intended purpose, but they now exact a tremendous toll on native 
wildlife (Speare, 1997). 
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The Burdekin Bridge 
The Burdekin River’s regular floods were instrumental in the formation and maintenance of 
the region’s ecological infrastructure, including the aquifer system that is vital to the delta 
irrigators. But the floods also caused major socio-economic problems. The first Inkerman 
Bridge was constructed in 1913. This was a low level bridge, because the depth of sand in 
the Burdekin River bed at the crossing point meant there was no solid footing upon which to 
construct a heavy high level bridge. Because of the regularity of Burdekin River floods, 
however, the railway line was impassable for an average of 17 days a year, while the road 
was cut for an average of 40 days a year (Carey and Smith, 2009) (Figure 4.9). 
 
 
Figure 4.9: Flood debris entangled on the low-level bridge over the Burdekin River, 1940. 
(Courtesy John Oxley Library, State Library of Queensland). 
 
Frustration with the unrelenting flooding eventually reached a peak in 1939, and the local 
authorities began assessing the viability of constructing a high-level bridge over the Burdekin 
River. The investigation was halted during World War 2, but recommenced after the war. 
Work on the new bridge began in April, 1947.  
 
The construction of the Burdekin Bridge was a major engineering project at the time and the 
bridge is unique in Australia, because it is supported by waterproof concrete caissons. The 
caissons measure 17 metres x 7.6 metres and they ‘float’ in the sand 30 metres below river 
bed level, which is 15 metres below the calculated level of worst scour (Engineers Australia, 
2010). The use of caissons to ‘float’ the bridge supports in sand is made even more 
remarkable by the fact that the Burdekin Bridge is one of the longest bridges in Australia, 
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being much longer in fact than the more well known Sydney Harbour Bridge, Hawkesbury 
River Bridge and Brisbane Story Bridge (Carey and Smith, 2009) (Figure 4.10). 
 
 
Figure 4.10: The length of the Burdekin Bridge compared to famous Australian bridges.  
(Engineers Australia, 2010). 
 
Frequent interruptions by flooding meant that the bridge piers were not completed until 1953. 
The superstructure was completed four years later. Queensland Premier Vince Gair officially 
opened the bridge on the 15th June, 1957 (Figure 4.11). Despite its technologically 
innovative construction and being held in high-esteem as a landmark by the local community 
and the wider region of North Queensland, the Burdekin Bridge spent 44 years without an 
official name. From its opening in 1957, until 2001, Australia’s fourth longest bridge was 
known only by the pet name given to it by the locals, “The Silver Link”. It was officially named 
the Burdekin River Bridge by Burdekin Member of Parliament Steve Rogers on the 28th 
August, 2001 (Carey and Smith, 2009), the same year the BHWSS works were completed.  
 
97 
 
Figure 4.11: Bridging two eras of Burdekin River crossings.  
Low level Inkerman Bridge with newly completed high level Burdekin Bridge in the background 
(Engineers Australia, 2010). 
The ‘floating’ Burdekin River Bridge, the Burdekin Dam and irrigation infrastructure, and 
John Drysdale’s spear pump irrigation system exemplify what is achievable through the 
application of innovative human technology. But each improvement in technological ability 
has generally led to a corresponding decline in the ecological integrity of the Lower 
Burdekin. As the next section will reveal, however, one cannot attribute environmental 
change in the Lower Burdekin solely to the increasing ability of Western science and 
technology to exploit ecological infrastructure.  
4.4 Environmental history of water resource development in the 
Lower Burdekin: changing cultural views 
4.4.1 Contrasting world views 
The Bindal world view: maintaining ecological infrastructure 
The original inhabitants of the Lower Burdekin actively sought to maintain ecological 
integrity. An important part of their approach was a cultural world view that was both a result 
of and a means by which they conceptualized and dealt with their environment (Gammage, 
2011). Aboriginals believe that ancestral spirits created the country, and the places and food 
sources in it. Aboriginal communities thus maintain an intensely spiritual relationship with 
their environment and hold a deep respect for landscape features that are regarded as 
sacred sites (Powell, 1993). Totems, taboos, ceremonies and rituals were established to 
protect certain species and ensure the on-going sustainability of future food supplies 
(Powell, 1993). Each Aboriginal family group was associated with a particular place, which 
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they had a responsibility to take care of and maintain (Dixon, 2002). Aboriginal culture and 
religion has thus been described as a “pragmatic entwining” of environment, culture and 
history (Powell, 1993). Pragmatism was also a trait of the European settlers, but the 
Europeans had a very different world view to the Aboriginals.   
The European world view: conquering the wilderness  
Exploration, expansion and exploitation of what was then conceived as wilderness, was 
integral to the European ‘New Imperialism’45 of the late 19th century. Nature conquering 
world views were applied to fragile Australian landscapes by pioneers like John Drysdale, 
and these 19th century world views still live on today, for example in the thinking of those 
who see the environment as a ‘competitor’ for natural river flows. A nature conquering 
cultural world view still influences NRM in general and water resource management in 
particular (see Section 4.4.3 below). But major changes within this cultural world view have 
occurred over time and space, including in the Lower Burdekin during the early 20th century.  
4.4.2 Changing cultural views (within an unchanging world view)  
The abolition of Pacific Islander labour  
Sugar plantations were established throughout North Queensland, including in the Lower 
Burdekin, because of the abundance of new land. But the success of the plantation method 
of sugar cane farming was dependent on the availability of cheap field labour (McKillop, 
2007). South Sea Island labourers had been recruited to work on plantations in Queensland 
since 186346, and by the 1880s Pacific Islanders and Asians numbered six times the 
European population in the Lower Burdekin (Connolly, 1964). But the use of Pacific 
Islanders as a source of cheap indentured labour, ceased after 1907. Many Islanders earned 
exemptions from repatriation, and stayed on to live and work as full stature citizens. It is 
thought, however, that no more than thirty Islanders continued to live on in the Lower 
Burdekin (Connolly, 1964).   
Wages reform  
The Amalgamated Workers Union (AWA) was formed in September, 1907. The union 
started in the North Queensland mining fields and then spread to railway workers and 
labourers in the sugar industry (Connolly, 1964). Industrial unrest on the cane fields 
                                               
45 The term ‘new imperialism’ is used to describe the rapid colonial expansion that occurred in the late 
19
th
 and early 20
th
 centuries. During this period the rate of new territorial acquisitions was almost three 
times that of the earlier period. These acquisitions included almost all Africa, a good part of Asia, and 
many Pacific islands. As a consequence of this new expansion and on top of that of preceding 
centuries, economic and political control by leading powers reached almost the entire globe 
(Britannica Academic Edition, 2014).  
46
 Captain Robert Towns was the first to recruit South Sea Island labourers from New Hebrides in 
1863. Towns sought cheap labour for growing cotton on the Logan River in Brisbane (Connolly, 
1964). Towns was also the original owner of the Jarvisfield pastoral run (see the sub-section under 
“Pastoral runs to irrigated agriculture” above) (Connolly, 1964). 
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emerged from 1907 and culminated in the sugar strike of 1911 (McKillop, 2007). The Lower 
Burdekin was one of the earliest districts involved in the work stoppage, with 1,750 men on 
strike by the first week of June. Four hundred strikers marched through the streets of Ayr 
carrying placards with ‘8’ (meaning 8 hour day) on them (Connolly, 1964). The dispute was 
eventually resolved after the union’s terms were agreed to during a conference held in 
August (Connolly, 1964): 
Centralization of the Australian sugar industry 
Increasing wages costs was not the only problem forced on sugar growers and millers by 
State and Federal Labor governments in the early 20th century. The First World War brought 
about two more problems, both of which left lingering legacies for the Lower Burdekin and 
for Australia at large. Firstly, the loss of young and able men to the war effort included many 
farmers, and this was particularly felt in the newly established Inkerman district (Connolly, 
1964). The second change resulted in a complete re-structuring of the sugar market in 
Australia.  
 
At the beginning of the First World War the Australian Government placed an embargo on 
the export of sugar. On the 30th June, 1915 the Queensland Government issued a 
proclamation that empowered the State to seize all raw sugar in existence and also that 
which was produced from the 1915 crop of sugar cane. The State Labor Government also 
introduced the Sugar Cane Prices Bill. This Bill created a Central Sugar Cane Prices Board, 
which was set up in Brisbane. Under the provision of the Bill, local cane prices boards could 
be created (Burdekin Project Committee, 1976(a)). The local boards could have jurisdiction 
over one mill or several. They could also delegate power to the central board to set cane 
prices (Burdekin Project Committee, 1976(a)). An amending Bill to the Regulation of Sugar 
Cane Prices Act 1915 was introduced into Queensland Parliament on 15th November, 1916. 
This Bill was rejected and the same institutional arrangements for the marketing of sugar 
remained until 2006 (McKillop, 2007). 
De-regulation of the sugar industry: 2006 
Since 1915 the law had given Queensland Sugar Limited (QSL) and its predecessors the 
power to acquire all sugar produced in the state. However, because of national competition 
policy, the Queensland Government deregulated the sugar industry on the 1st January, 2006, 
removing the compulsory acquisition powers of QSL (ABC National Rural News, 2005). After 
de-regulation, QSL entered into voluntary agreements with seven of Queensland’s sugar 
milling companies to market their raw sugar47 (QSL, 2011).  
                                               
47 The seven milling companies are Bundaberg Sugar Limited, Isis Central Sugar Mill Company 
Limited, Mackay Sugar Limited, Sucrogen Limited, MSF Sugar Limited, Tully Sugar Limited and W H 
Heck & Sons Pty Limited (QSL, 2011). 
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Today Queensland Sugar Limited operates six Bulk Sugar Terminals at Cairns, Mourilyan, 
Townsville, Lucinda, Mackay and Bundaberg, and is responsible for more than 90% of all of 
the raw sugar exported from Australia. Key export markets include Indonesia, Malaysia, 
South Korea, Japan and New Zealand48. In addition, some quota sales are made to the 
United States and European Union (QSL, 2011). Proceeds are pooled for payment purposes 
and distributed back to mills and growers after being adjusted for marketing costs incurred 
by QSL. With the pooling of sales proceeds, producers receive an average of prices 
received from sales during the course of the year. Mills not contracted to QSL independently 
market their own sugar (QSL, 2011). 
4.4.3 Changing cultural views: ecologically sustainable development and 
participatory decision making  
Ecologically sustainable development  
The 1978 Burdekin Project Assessment Committee Report formed the basis for the 
construction of the Burdekin Dam and BHWSS, and it included a chapter on environmental 
impact. However, this particular chapter was a very broad summary only six pages in length, 
one and a half pages of which were devoted to “Social and Economic Aspects” and 
“Conclusions”. In effect, the environmental impact chapter of the Burdekin Project 
Assessment Committee Report amounts to a policy statement that the project will not cause 
any additional environmental harm than what had already occurred due to human actions 
(Burdekin Project Assessment Committee, 1978). Apart from these six pages, the rest of this 
Report reads similarly to previous proposals to develop the Lower Burdekin. Specifically, the 
main objective of the development is to exploit as much of the resource as possible for 
economic benefit.  
 
It is, however, instructive to contrast the Report’s conclusion of “no major adverse effects” 
with the conclusions of the “Study of Present Environment” of the Burdekin Basin by Ullman 
and Nolan (1975). This report was produced three years before the Burdekin Project 
Assessment Committee Report (1978) and it highlights four areas of potential concern 
(Ullman and Nolan, 1975):  
1. The need to monitor nitrate levels in underground water supplies; 
2. The Burdekin delta and Groper Creek area is an important mangrove complex, 
but no detailed studies have yet been made of the need for habitat reserves. 
Such studies appear “essential”; 
3. A deficiency of national parks in the basin; and 
                                               
48
 QSL supplies more than 30% of total Asian raw sugar imports (QSL, 2011). 
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4. The effect of mill effluent disposal into the Burdekin River should be examined. 
The 1978 Burdekin Project Assessment Committee Report does not refer to nitrate levels, 
nor does it mention the mangrove complex in the delta and Groper Creek area. In relation to 
effluent disposal, the Burdekin Project Assessment Committee Report acknowledges that 
the Inkerman Sugar Mill discharges waste water into the Burdekin River and then advises 
that no proposals to establish other industries in the area are known of (Burdekin Project 
Assessment Committee, 1978).  
 
The conclusion of the Burdekin Project Assessment Committee Report (1978) that there are 
no major adverse environmental impacts from the proposed Burdekin Dam development is 
also in conflict with the conclusions of the ecological study commissioned by the Prime 
Minister (Fleming et al. 1981): 
 There is a paucity, and often total absence of relevant data needed for 
adequate ecological evaluation of the proposed scheme; 
 Comprehensive surveys of soils and groundwater hydrology are essential and 
forward planning of appropriate sampling and monitoring strategies should not 
be delayed; 
 An integrated survey of the biotic environment (vegetation and fauna) is 
necessary to establish base-line data for subsequent monitoring of 
environmental changes and to provide a basis for detailed planning of irrigation 
development, retention of vegetation and allocation of conservation areas; and 
 There are three areas where significant potential problems could arise as a 
result of the proposed developments: salinization resulting from rising saline 
groundwaters; overbank flooding; and discharge of pesticides and nitrogen in 
drainage water. It is strongly recommended that a monitoring procedure be 
introduced as part of the initial planning, in order to identify any adverse effects 
or trends as soon as possible. 
The study by Fleming et al. (1981) repeated Ullman’s and Nolan’s (1975) call for nitrate 
monitoring and for improved base-line information for habitat preservation. But construction 
of the Burdekin Dam was already underway when Fleming et al. (1981) was submitted to the 
Prime Minister. Potential environmental impacts resulting from infrastructure development 
were thus not seriously considered by decision makers at that time, although they had at 
least become a consideration. Environmental impact would, however, grow in importance 
over the next two decades and become a major consideration for all development proposals.  
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The 1978 Burdekin Project Assessment Committee Report envisaged the right bank 
development (south and east of the Burdekin River) would total 41,000 hectares of 
sugarcane and rice farms (Queensland Public Works Committee, 2003). However, soil tests 
conducted on the proposed development sites in 198449 revealed that areas previously 
considered suitable for irrigated crop production were substantially less suitable than 
expected. As well as the soils not being suitable, there were risks of elevated water tables 
and soil salinity problems. It was therefore decided not to complete the right bank 
development. The proposed development of 41,000 hectares on the right bank was thus 
reduced to 1,000 hectares of sugar cane in the Leichhardt Downs area (Queensland Public 
Works Committee, 2003). This halved the amount of land developed for agriculture and 
significantly reduced the economic return from the project.50  
 
With the loss of almost all the lands on the right bank, priority was given to the left bank 
development (north and west of the river). The question of the right bank development re-
surfaced in 1995, when the left bank development drew close to completion. But by this time 
the Australian NRM policy landscape had changed. After signing the 1992 Rio Declaration, 
the Commonwealth Government introduced ecologically sustainable development (ESD) as 
a principle for Australian NRM policy (Department of the Environment, 2012(a)). For 
example, the National Strategy for Ecologically Sustainable Development (NSESD) included 
protection of biodiversity, maintenance of essential ecological processes and life support 
systems, and the precautionary principle among its themes (Department of the Environment, 
2012(b)). The concept of ESD was now “enshrined in statutes and policy at all levels of 
government in Australia” (Department of Public Works, 2003, p. 3). The impact of proposed 
developments on ecological infrastructure was now not only to be considered, but given 
prominence. For example, “sustainable development and use of natural resources” headed 
the list of “significant issues which need to be addressed” when pursuing further 
development of the BHWSS (Department of Primary Industries, 1995, p. 3) 
Participatory decision making 
As well as ensuring that the environmental requirements of river systems were met, the 
Council of Australian Government (COAG)51 1994 Strategic Framework for Water Policy 
included public consultation and education as accountabilities (National Competition Council, 
1998). From this point on, the active participation “of all parties either directly or indirectly 
                                               
49
 By 1984 the construction of the Burdekin Dam was just over the half way stage.  
50
 As of 2003, the actual rate of return on investment for the project was around half that predicted in 
the 1978 Burdekin Project Assessment Committee Report (Queensland Public Works Committee, 
2003). 
51
 The Council of Australian Governments is the peak intergovernmental forum in Australia. The 
members of COAG are the Prime Minister, State and Territory Premiers and Chief Ministers and the 
President of the Australian Local Government Association (COAG, 2013). 
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affected by the scheme” was seen to be “a crucial aspect of the process leading to a 
recommendation on the future development of the BRIA”52 (Department of Primary 
Industries, 1995, p. 4). Two of several organizations that have been formed to promote 
active participation in NRM decision making in the region are North Queensland Dry Tropics 
(NQDT) and the Burdekin Water Futures (BWF) group.  
 
North Queensland Dry Tropics is a community based not-for-profit company, which is one of 
14 recognized regional bodies for NRM in Queensland (NQDT, 2011). Funding for NQDTs’ 
projects is mainly provided through Australian and Queensland Government grants and 
contracts, with the remainder provided through subcontracting arrangements with other 
entities (NQDT, 2013). North Queensland Dry Tropics manages more than $11 million worth 
of project investment each year, focusing on improving water quality, supporting sustainable 
farming and grazing practices, protecting rare and threatened species, safeguarding native 
habitat, and engaging the community to achieve this outcome (NQDT, 2011).  
 
The BWF group was established in 2006 to facilitate a more strategic approach to water 
management in the Burdekin (CSIRO Land and Water, 2009(a)). Membership of the BWF 
includes representatives of the government agencies described above, and representatives 
of the Bureau of Sugar Experiment Stations (BSES), CSIRO and irrigators. The BWF group 
brings these different bodies together to better coordinate and align water resource 
management efforts (CSIRO Land and Water, 2009(a)). The BWF is increasingly driving 
more of the research and related activities being carried out in the Lower Burdekin53. For 
example, it has provided support for the development of a groundwater model and 
groundwater science plan for the whole of the region54. The BWF group adopts a holistic 
long term strategic approach to understanding and managing the lower Burdekin’s water 
resources and associated systems (CSIRO Land and Water, 2009(a)).  
The 2007 Water Resource (Burdekin Basin) Plan 
Since the completion of the Burdekin Dam and BHWSS, environmental impact assessment 
and mitigation has become a key part of the development proposal process. Given the 
conclusions in the 1981 CSIRO Report (Fleming et al. 1981), the environmental problems 
that now confront the stakeholders in the Lower Burdekin, and the need to consider and 
                                               
52
 The Burdekin River Irrigation Area (BRIA) is the local name for the irrigation district within the 
BHWSS. 
53 Some of these activities include: improving understanding of the Lower Burdekin groundwater 
systems and surface water-groundwater interactions; improving understanding of the complexity, 
uncertainty and resilience associated with irrigation; understanding and managing on-farm and 
regional water and salt balances in Mona Park; and modelling seawater intrusion in the Burdekin 
Delta aquifer (CSIRO Land and Water, 2009(b)). 
54 Lower Burdekin Groundwater Science Plan, (CSIRO Land and Water, 2009(b)). 
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mitigate environmental impact in development decisions, one might assume that the Water 
Resource (Burdekin Basin) Plan (2007) would present a significantly different approach than 
prior water resource development policies. A substantial proportion of the content of the 
Water Resource (Burdekin Basin) Plan 2007 is devoted to acknowledging the importance of 
ecological considerations. Acknowledgements do not, however, necessarily result in long 
term ecologically sustainable actions. This point is exemplified by Sections 11 through 14 of 
the plan, which are summarized as follows (Water Act, 2013): 
 The fresh water dependent ecosystems of the Burdekin Basin are already 
degraded through human exploitation (Section 11(a)). 
 Abstraction of water from the system will continue, and be increased (Section 
12(a) to (i)). 
 General and specific “ecological outcomes” will be “balanced” against this 
continued and increasing water take (Section 11(b) and Sections 12, 13 and 
14). 
The third point above is a common theme in water policy across Australia and in other 
countries around the globe. For example, Hamstead et al. (2008) conducted a series of 11 
case studies of water plans throughout Australia. The case studies represented a range of 
different approaches taken around the country and covered various planning issues. In 
terms of “Achieving ecological sustainability” Hamstead et al. (2008, p. xi) concluded that 
“Generally, the case study plans aimed at maintaining current environmental values; that is, 
stopping further decline ...Connell (2007) argues that the reality of water planning in 
Australia has been that the debate has really been about how much water can be spared 
from current use rather than how much is needed for sustainability. Certainly this is what we 
observed in several of the case studies” (Hamstead et al. 2008, p. xii). 
 
Maintaining already degraded natural fresh water systems whilst extracting more water from 
them also appears in the water policies of other countries.  For example, the European 
Union’s Water Framework Directive (European Commission, 2000, pp. 3-4) states:  
In cases where a body of water is so affected by human activity or its natural 
condition is such that it may be unfeasible or unreasonably expensive to achieve 
good status, less stringent environmental objectives may be set on the basis of 
appropriate, evident and transparent criteria, and all practicable steps should be 
taken to prevent any further deterioration of the status of waters. 
There may be grounds for exemptions from the requirement to prevent further 
deterioration or to achieve good status under specific conditions, if the failure is 
the result of unforeseen or exceptional circumstances, in particular floods and 
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droughts, or, for reasons of overriding public interest, of new modifications to the 
physical characteristics of a surface water body or alterations to the level of 
bodies of groundwater, provided that all practicable steps are taken to mitigate 
the adverse impact on the status of the body of water. 
The key word in the above quotation is “practicable”, because this word virtually absolves 
responsibility for mitigating adverse impacts, via the economic cost/benefit determination. 
 
India’s National Water Policy provides another example of the seemingly ever-present 
caveat of socio-economic “aspects and needs” in water policy: “Water is a scarce and 
precious national resource to be planned, developed, conserved and managed as such, and 
on an integrated and environmentally sound basis, keeping in view the socio-economic 
aspects and needs of the States” (Ministry of Water Resources, 2002, p. 1). 
 
It is understandable that governments put socio-economic considerations before ecological 
ones. But, in effect, these policies attempt to ‘balance’, or ‘trade-off’ long term ecological 
sustainability against short term economic gain. This is a problem, because long term socio-
economic sustainability is not possible without long term ecological sustainability.  
4.5 Environmental history of water resource development in the 
Lower Burdekin: summary and conclusion 
The natural environment of the Lower Burdekin region has undergone both slow and 
comparatively rapid change over time. These changes have been induced by natural and 
human disturbances. The reversal of the Burdekin River’s flow from westward to eastward 
and the rise and fall of sea levels have formed the underlying ecological infrastructure of the 
Lower Burdekin over millions of years. Over the past 6,000 years, regular large flood events 
and numerous migrations of the Burdekin River mouth have produced more layers of 
ecological infrastructure, including the Lower Burdekin’s aquifer system and its deep, rich 
soils. These particular infrastructure elements constitute the major foundations for the Lower 
Burdekin’s eminent suitability as an irrigation area.  
 
The first inhabitants of the Lower Burdekin did not, however, value the Lower Burdekin 
region for its water and soil resources alone. The Lower Burdekin, according to James 
Morrill, was one of several locations that supported the needs of the Bindal tribe, with whom 
he spent 14 years. Unfortunately, Morrill’s account says very little of the Lower Burdekin, but 
from his writing we know that, across all their tribal lands, the Bindal people sought to 
maintain the integrity of the ecological infrastructure that provided them with food and 
underpinned their culture.  
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As was the case in other regions around the globe, the arrival of European settlers heralded 
the beginning of a period of increasing anthropogenically-induced change for the natural 
environment of the Lower Burdekin. The first change was the removal of the region’s original 
occupants, and this was quickly followed by removal of more and more of the region’s native 
vegetation to make way for the roads, settlements, and farms that today dominate the Lower 
Burdekin landscape. The rapidity and extent of the changes wrought by European settlers 
are exemplified by the fact that 10-30 million years of ecological infrastructure development  
in the Lower Burdekin was basically overwritten within a mere seven years - the time it took 
to construct the Burdekin Dam wall. At its present height, however, the dam wall does not 
present a major barrier to the regular large floods that have shaped the coastal floodplains of 
the Lower Burdekin. Some natural functions of the river system are maintained downstream 
from the Burdekin Dam. The use of the river all year round as a channel for irrigation water 
released from the dam has, however, negatively impacted ecosystems that have evolved to 
survive and thrive in the flood/drought regime that has characterized the Burdekin River 
system for thousands of years. Sediment loads are also now significantly reduced. This has 
potentially serious consequences in terms of river bank erosion and the integrity of the Cape 
Bowling Green Spit.  
 
When conceptualized in terms of the relationship between changing natural environments 
and changing technology levels, the environmental history of the Lower Burdekin can be 
divided into two distinct periods. The practice adopted by the region’s original inhabitants, at 
least during the period immediately preceding European settlement, was based on 
maintaining ecological functioning. The period after European settlement is distinguished by 
a completely opposite approach to the region’s ecological infrastructure. This period was one 
of continuous and increasing change. It took around 100 years to develop the first 40,000 
hectares of irrigated land in the Lower Burdekin, but under 15 years to develop the next 
40,000 hectares. Since the arrival of Europeans in the Lower Burdekin, technology has thus 
been used to increase the scale of natural resource exploitation and the speed at which 
natural resources are exploited (Cumming et al. 2006). Changes in the natural landscape of 
the Lower Burdekin during this period have therefore broadly correlated to technological 
improvements. For example, laser levelling has enabled the use of much longer crop rows in 
the BHWSS (800 to 1,200 metres), compared to the delta (400 to 500 metres typically) 
(Petheram et al. 2008). 
 
The Lower Burdekin delta region has been farmed for a much longer period than the 
BHWSS, yet it is largely in better overall “health” than some of the more recently developed 
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irrigation areas. Of particular note for an ‘investing in ecological infrastructure’ approach is 
the artificial re-charging of the Lower Burdekin aquifer. Up until 1964, virtually the only socio-
economic investment in the aquifer was in built infrastructure for the purpose of withdrawing 
more and more water. Since 1965, however, the delta aquifer has also been operated as 
‘public’ infrastructure. The driving force behind the aquifer recharge scheme (maintaining 
agricultural production) may be socio-economically oriented. But the ‘sustainability indicator’ 
used by the Water Boards is an ecological one; specifically, maintaining the integrity of the 
aquifer system in relation to seawater intrusion. In other words, since 1965 the Water Boards 
have replenished groundwater levels in the delta, and thus not allowed the aquifer to 
become too “exhausted”. This is a similar approach to that adopted by the Bindal people for 
the sustainable management of their food resources, except the Bindal relied on natural 
replenishment. In terms of the broader adoption of ‘investing in ecological infrastructure’ this 
similarity between the Bindal and the Lower Burdekin Water Boards’ approach to NRM is 
noteworthy, because it demonstrates that people of quite different technological capabilities 
and cultural world views relate to the functional aspects of ecological infrastructure, 
particularly those with which they are familiar.    
 
Over time, however, the Water Boards’ approach is more the exception than the norm in the 
Lower Burdekin. Indeed, the current situation in the BHWSS can be likened to that in the 
delta in the late 1950s, except that instead of falling ground water levels and seawater 
intrusion, stakeholders and decision makers are facing rising ground water and soil 
salinization. And in the delta concerns about sea water intrusion into the aquifer have once 
again arisen. To address these problems investments in ecological infrastructure will have to 
be made; specifically in deep drainage management and disposal systems, and in more 
water efficient irrigation practices. At the time of writing, such investments appear to be 
some way off.  
 
The two distinct periods of social-ecological change delineated by this study are 
underpinned by two distinctly different cultural world views. Aboriginal Traditional Owners 
saw themselves as “inextricably interwoven” with their ecological infrastructure (Powell, 
1993). They sought to maintain the natural functions and processes that provided them with 
everything they needed for life. The European world view is very different. In the main, this 
world view sees some parts of ecological infrastructure as economically valuable resources 
to be abstracted. It sees the remainder of ecological infrastructure largely as a barrier to 
accessing and exploiting these resources. Major changes have occurred within this view, for 
instance the abolishment of the use of Pacific Islander labourers, wages reform, 
decentralization of the sugar industry and environmentalism.  But the overarching conception 
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of nature as a component of our economy has changed little even today. This is exemplified 
by the ubiquity of the expression ‘allocating water to the environment’, which provides this 
water in the first place. Because such views are still widespread, it is not surprising that 
water policy reforms are not patently reformative in ecological terms55. It may thus be 
concluded from the environmental history of the Lower Burdekin that a change of world view 
will be required before water policy reforms can be truly described as ‘reformative’ in 
ecological terms.  
 
 Conversely, the implementation of integrated pest management and other environmentally 
‘friendly’ farm management practices and the establishment of environmentally focused 
public private partnerships, such as the BWF group, indicate that current Lower Burdekin 
stakeholders have begun to accept that sustainable development involves maintaining at 
least some level of ecological integrity. In relation to the aim of this thesis, the question is: to 
what extent will stakeholders accept a development approach based on ‘investing in 
ecological infrastructure’? The next chapter looks to provide some answers to this question. 
  
                                               
55
 Acknowledging the need for ecological sustainability whilst still pursuing economic growth 
imperatives, as is the case with the Water Resource (Burdekin Basin) Plan 2007 and with similar 
water plans across Australia and the globe, is probably better described as ‘maintaining the economic 
status quo’, rather than as being ecologically ‘reformative’. 
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Chapter 5  - Lower Burdekin focus groups results 
5.1 Introduction  
This chapter reports the results of the Lower Burdekin focus groups, which were designed to 
accomplish two tasks. The first task was to explore the views of major stakeholders on 
investing in ecological infrastructure in the Lower Burdekin. The second task was to provide 
an indication of how people from a range of educational and vocational backgrounds might 
adopt and apply the concept of investing in ecological infrastructure. As previously noted, the 
discussion questions were focused on water resources, because all participants related 
strongly to the importance of water to their individual and communal well-being. 
 
The following sections summarize participants’ responses to the questions that were asked 
of the focus groups (Table 3.2). The main conclusions are drawn from the responses to the 
two key questions (Table 3.2). Direct quotes are used throughout the narrative to connect 
the reader and the original participants of the focus groups (Morgan, 1997).  
5.2 Introductory and transition questions 
5.2.1 The role of water 
All six groups viewed water as a basic necessity that is essential for life; for example, water 
is “as important as air”. Five of the focus groups made specific mention of the importance of 
water for ecosystems, and all groups recognized the importance of water for business, 
employment, energy production, recreation and amenity. 
5.2.2 Views on the development of the Burdekin’s water resources 
In terms of socio-economic outcomes, the focus groups thought that the development of the 
Lower Burdekin’s built water infrastructure has been effective. The development of the 
Burdekin Falls Dam and BHWSS has not only improved agricultural productivity, but 
provided capacity for further economic growth in the region, specifically in the areas of food 
production, tourism and hydro-electric power generation.  
With respect to ecological outcomes, however, focus group participants distinguished 
several areas of concern. These areas included modified flows, intensified land use, 
salinization, rising groundwater, increased nutrients and weeds, and impacts on water 
dependent ecosystems in wetlands and areas outside of the Lower Burdekin, such as the 
Great Barrier Reef. Loss of scenic amenity, tree clearing, and levelling of water courses and 
natural drainage paths were also recognised as major causes of negative ecological 
impacts. The issue of flow-on effects, from water now permanently retained in environments 
that were previously subjected to a wet/dry seasonal regime, was also raised. 
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The ecological issues in the BHWSS were regarded as a major concern by all the focus 
groups. Insufficient planning and poor management were the most commonly cited causes 
of the problems in the BHWSS. For example: “wider ecosystem function was not 
considered”; “agricultural systems were developed without considering ecologically 
sustainable development in a strategic sense”; “in the BRIA, we knew the potential issues 
from the start, but went ahead anyway”; and there was “no forward planning for 
environmental issues that might arise in the BRIA”. Other criticisms included: “the BRIA was 
not designed to fit the natural landscape of a flood plain, for example, it uses above ground 
channels”; and “unsuitable lands (highly sodic areas) were cultivated”. A number of 
respondents were concerned about the lack of an effective deep drainage plan: “There has 
been no thought on drainage issues by government agencies, for example channels and low 
lying areas have been filled in to develop for farming”; and there was insufficient 
consideration of potential impacts such as accumulation of salts and rising water tables, due 
to “more concentration on delivery and use than on drainage management”.  
 
Planning for the BHWSS development was thus seen by most participants to be focused on 
short term revenue-making instead of long term ecological sustainability. It was also widely 
viewed that state and federal governments have been setting and implementing water 
resource management policies without local stakeholder input.  
5.2.3 Participants’ perceptions of the Lower Burdekin’s ecological 
infrastructure 
Participants’ understanding of the concept of ecological infrastructure was largely centred on 
the issue of negative, anthropogenically-induced impacts. This is understandable, because 
much of the discussion on the previous question was concentrated on the various 
environmental impacts that resulted from the development of the Burdekin’s water 
resources. Many participants seemed to accept humanity’s impacts on ecological 
infrastructure as being unavoidable ‘alterations’ or ‘modifications’, rather than degradation.  
 
For example:  
All ecological infrastructure, such as creeks and waterways, is now highly altered 
by ... crops and land use;  Everyone needs to acknowledge that humans impact 
on the ecological infrastructure, permanently changing it;  Burnt-out waterways 
are now often called a wetland;  Ecological infrastructure should be actively 
managed, not just left on its own;  Generally humanity’s foot print; and,  We can’t 
wind the clock back, but must protect ecological infrastructure.  
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But not all participants viewed human impacts as unavoidable, or ‘manageable’, as is 
suggested by the comments: “We have developed some areas where we shouldn’t have”, 
for example “unsuitable lands (highly sodic areas) were cultivated”; and “Some things have 
been changed permanently”, loss of wetlands for instance.  
 
Specific issues that had arisen because of human exploitation of the Burdekin’s water 
resources were also discussed. These included: increased sand and vegetation in the river 
bed due to the Burdekin Dam; year round water in ephemeral streams, such as the 
Haughton River and Barratta Creeks; sand dams in waterways restricting export of salts to 
the ocean and pollutant removal; a build up of irrigation water in the aquifer due to the 
amount of irrigation water constantly entering the system; river banks and riparian zones that 
are “poorly managed”; loss of ecological infrastructure in the BHWSS (it has been damaged 
over time); ecological impacts that are “passed on down the line”; and the spread of 
introduced grass species, which is being assisted by irrigation practices and is now 
impacting on river and creek banks and wetlands. Water quality in the Lower Burdekin was 
widely viewed as having deteriorated, and impacts on wetlands were identified as a problem 
by a number of participants. Weed infestation was often cited as a major cause of wetland 
degradation. Other specified negative impacts included habitat loss, fish kills, loss of soil 
quality from excessive fertilizing, and “silting-up in creeks over 20 years”. 
 
Despite the brevity of their introduction to the concept of ecological infrastructure, the 
participants’ comments indicated that they were quite comfortable with the conception of 
ecosystems as infrastructure, particularly the characterization of rivers, wetlands, estuaries, 
soils and aquifers as ‘elements’, and the concept of connectivity. People relate more easily 
to the tangible and more familiar elements of natural systems, than to the invisible ones 
(SANBI, 2014; Postel, 2008). Conversely, because ecosystem services are “intangible” and 
thus essentially invisible (Chapter 2), it may be more difficult for non-experts to apply the 
ecosystem services concept to their own social-ecological reality (SANBI, 2014). In relation 
to ecological ‘connectivity’, much of which is also invisible to non-experts, most participants 
had some understanding of the ground and surface water connectivity that has enabled the 
delta aquifer to function as a sustainable provider of irrigation water for around 120 years. 
One may therefore hypothesize that the importance of ecological connectivity is readily 
adopted by those who interact more closely with natural resources, such as NRM 
practitioners and farmers (see Chapter 7). 
 
The discussions on connectivity also raised a question about the validity of a key proposition 
of the thesis, which is that human actions disconnect ecological infrastructure (Figure 2.10). 
112 
Tail water discharges and ephemeral streams now flowing all year round were described by 
one participant as “unwanted connectivity” between ecological and built infrastructure. This 
comment intimates that built infrastructure does not just disconnect ecological infrastructure. 
It also initiates and sustains unwanted connections between and within ecological elements, 
ecosystems and ecosystem services. In terms of the further development of the conceptual 
framework, this point is important and will consequently be considered in greater depth in 
Chapter 6.  
5.3 Key questions 
5.3.1 Views on investing in the ecological infrastructure of the Burdekin to 
ensure long term water resource security 
Three major themes emerged from participants’ views on investing in the Lower Burdekin’s 
ecological infrastructure: 
1. The need to invest in ecological infrastructure; 
2. The costs and benefits of investing in ecological infrastructure and;  
3. How we should invest in ecological infrastructure. 
The need to invest in ecological infrastructure  
Most focus group participants thought that investing in ecological infrastructure is a 
necessary requirement for sustainable development and they expressed this view strongly. 
Investing in ecological infrastructure was said to be: “essential”; “a must”; “critical”, and 
“mandatory”. Some participants framed the need to invest in ecological infrastructure in 
terms of environmental degradation and how much investment is now required to retain 
ecological functioning: “We need to invest heavily”; we need “ongoing investment for 
population increases”; and, “a lack of ecological infrastructure will be our downfall over the 
long term”.  
 
Another common line of thought was the need to invest in a better understanding of 
ecological infrastructure, so that we can “prioritize investments”. Investing in disseminating 
the knowledge we currently possess was also a common response: “We need to raise the 
profile of ecological infrastructure in the Burdekin to aid decision making about water 
resource development and lead to action”. A similar viewpoint was expressed about a lack of 
public awareness of the value of wetlands: “Remaining wetlands are not valued by the 
majority of community, because they’re there. People will only appreciate their (wetlands) 
role in ecological infrastructure if they are lost”.  
 
As already noted, all the focus groups agreed with the idea of investing in ecological 
infrastructure in principle, but participants also identified key issues that must be addressed 
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for the concept to be successfully implemented. For example: “It is a good idea, but it needs 
planning”; and “It will take a long time to do and see the results”. One participant suggested 
that stakeholders will require a quick return on their investment before they commit to ‘on-
the-ground’ actions: “Investing in ecological infrastructure is important for the long term. It 
must be presented in a far more tangible fashion, with a focus on economic gains, 
particularly gains which can be achieved in less than five years”.  
 
A few participants thought that we already do invest in ecological infrastructure. Examples of 
these investments include: “water quality monitoring over the long term”; recycling water and 
improving water use efficiency; provision of fish ladders on weirs; and recycle pits and 
artificial wetlands that slow down movement of contaminants. It was also suggested that 
substantial investment in agriculture had both improved production and decreased the 
demands on ecological infrastructure, for example via “reducing leakage” and “increased 
monitoring”.  
Costs and benefits of investing in ecological infrastructure  
Participants’ views on the economic costs of investing in ecological infrastructure were 
largely focused on the potential negative impacts that would occur if investment was shifted 
away from socio-economic systems and towards ecological infrastructure. But it was also 
noted that socio-economic systems would benefit, over the short and long term, from 
investing in ecological infrastructure: “Without ecosystems, agriculture is not sustainable, for 
example the Murray-Darling Basin”.  
 
Discussions related to the ecological costs and benefits of investing in ecological 
infrastructure were dominated by the likelihood of negative outcomes if investments were not 
adequate. For example: “If we don’t invest in it, we’ll lose it”, and; “If we don’t invest in 
ecological infrastructure now, we won’t be able to fix problems later”. This second comment 
is an insightful one, because it suggests that investing in ecological infrastructure is not just 
about maintaining flows of ecosystem services for current and future generations to 
consume. Investing in ecological infrastructure is also about maintaining and enhancing 
humanity’s capacity to deal with an uncertain future. This insight demands further attention, 
so it will be re-visited in the next chapter.  
 
Similarly astute comments were made in relation to built infrastructure expenditure, 
compared to ecological infrastructure expenditure: “ecological infrastructure is seen as a 
cost of doing something and built infrastructure as a benefit of doing that thing.” Another 
respondent suggested that there was: “a perception that built infrastructure and ecological 
infrastructure are in conflict”; and “we need to see them as one”. Yet another participant 
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thought that our perspectives of built infrastructure and ecological infrastructure were in 
“misalignment” and sometimes in “contradiction” and stated that we need “alignment of all 
aspects of ecological and built infrastructure”. It must be pointed out that these responses 
indicate that the participants in question have picked up on the proposition from the 
background notes and introductory presentation that we need to better integrate built 
infrastructure and ecological infrastructure. However, their responses also showed that they 
had thought about and applied this proposition to the Lower Burdekin region’s current 
context. For example, the likelihood that such an integration will not be easily accomplished 
was also raised: “Ecological infrastructure is a very hard area to tackle now, since built 
infrastructure development”; “Removing water from agriculture may cause bigger problems, 
for example taking it back to a wet/dry system (when) ecosystems are now used to annual 
flow regimes”; and “There will be complex impacts and flow-on effects if changes are made, 
for example moving water to other catchments”.  
How we should invest in ecological infrastructure 
A few participants questioned what investing in ecological infrastructure actually meant: 
“What do you mean by investment in ecological infrastructure? Is it restoration of 
ecosystems, or is it bigger than restoration of ecosystems?” But, despite their brief 
introduction to the concept of investing in ecological infrastructure, most focus group 
participants had some clear ideas on what investing in ecological infrastructure would entail. 
For instance: investing in ecological infrastructure “needs to be prioritized, for example worst 
impacted areas first.” Suggested “priority” areas for investment included: dredging sand out 
of the river to “restore” it; improving subsoil and surface drainage; planting more trees; 
improving “water quality treatment” (wetlands); and maintaining the health of “storage 
components” (aquifers). Note that all but the last comment relate to restoration of degraded 
ecological infrastructure.  
 
Participants also picked up on the importance of connectivity and a whole-of-system 
approach to investing in ecological infrastructure: “There should be a lot more investment in 
the whole of catchment, and a better understanding of connectivity”; “We need a whole-of-
system model, (particularly) for groundwater flow and transport”; and “we should investigate 
a holistic approach, for example growing food (and other products) in parts of the 
catchment”. The last comment is noteworthy, because, unlike the other two, it is based on 
economic considerations, specifically the diversification of the Lower Burdekin’s agricultural 
production base (see section 3.2.4 above).    
 
One of the most commonly cited investment priorities was knowledge gathering and 
dissemination, but there was a wide spectrum of views on where the improvements were 
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required most. For example; “we need to ascertain the true value of the service/infrastructure 
and/or the key indicators of key ecological infrastructure”; “We need to share information, so 
all can work together, we should not have to pay for information”; “We need to know the 
good and the bad for future planning and management”; We must “identify positive and 
negative impacts for maximum efficiency”; “Investment in a better understanding of the 
functions of ecological infrastructure is required to identify and prioritise where to invest”; 
“We need to understand values, functionality, in context of the whole system in terms of 
pressures, status and trends”; We have to find ways to “balance” human and ecological 
systems for long term ESD; and “We need more investment in research on run off, erosion 
and sediment control, water conservation (for example different irrigation methods), water 
supply methods and alternate crops (including crop rotation)”.  
 
All focus groups thought that investing in ecological infrastructure must be a coordinated, 
whole-of-community approach: ‘Everyone in the community needs to play a part”; “There 
needs to be a conscious effort from everyone (governments, farmers and community)”; 
“Investment must be by the whole community, as ecological infrastructure is important to 
everyone’s future”; Governments, irrigators, all stakeholders must therefore invest (and) cost 
inputs must be shared ‘across the board’, in other words, by everyone”; “We need a co-
operative approach from all levels of government”; “we need a whole of community focus 
and ownership”; and “We need an integration of efforts; a co-ordinated approach”. 
 
Why and how a whole-of-community approach to investing in the Burdekin’s ecological 
infrastructure might be initiated was also discussed: “Desire or demand for ecological 
infrastructure health must come from the Burdekin community and the Burdekin community 
needs to understand these concepts to value ecological infrastructure before investments 
can be made in it. So there is a need to invest in educating the community about what value 
ecological infrastructure delivers to them.” A similar response was framed in terms of ‘social 
licence’: “Society will contribute to an increased investment in ecological infrastructure, if 
‘investing in ecological infrastructure’ has a social licence.” Other respondents saw a whole-
of-community approach in terms of shared responsibilities and more community debate: 
“More shared responsibility and vision for the system, such as what needs to be maintained, 
is needed to avoid conflicting activities”; and “We need a lot more community debate on 
what is acceptable in terms of loss or impact on ecological infrastructure, compared to the 
benefits of development.”  
 
The need for a whole-of-community approach to investing in ecological infrastructure was 
one of the strongest points of agreement that arose from the focus groups. However, not all 
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participants felt entirely that way. Some participants also felt that there were certain 
conditions under which multi-level cooperation between governments and communities 
should take place, such as, while “All Australia pays” for ecological infrastructure 
investments, ‘on the ground’, “decisions must be made locally”. A few respondents thought 
that individuals must play an important role in ESD: both as actors, “We need individuals to 
be aware and involved in long term sustainability”; and as role models for others to look up 
to, “We need champions for the cause”.  
 
A few responses related to the proposition that there was a need to better integrate built and 
ecological infrastructure: “How does investment in ecological infrastructure become linked 
with ‘non-ecological infrastructure’?”; “How do we coordinate ecological infrastructure and 
built infrastructure?”; “Are small changes at farm level enough to make a difference at 
catchment scale?”; and “We need investment in both agriculture and ecological 
infrastructure”.  
5.3.2 Participants’ reflections on the most important aspects of their focus 
group’s discussions  
The major themes that emerged from participants’ views on the most important points raised 
during their discussions were closely aligned to those of the preceding question: the need to 
invest in ecological infrastructure; the costs and benefits of investing in ecological 
infrastructure; and the priority areas for investment in ecological infrastructure.  
The need to invest in ecological infrastructure 
A number of participants referred directly and indirectly to connectivity when discussing the 
usefulness of investing in ecological infrastructure as a framing concept for approaches to 
ESD: “It looks at the whole catchment as “one”; “The connectivity across entire system from 
landscape to reef”; and “Ecological infrastructure is more than a distribution network; it is the 
whole of the landscape”. Other participants referred to the connectivity between ecological 
and built infrastructure: “Built infrastructure and ecological infrastructure can’t be separated”; 
“Ecological and built infrastructure are integrated - they interact as part of the same 
landscape, so we shouldn’t separate them”; “We often think of humans as outside rather 
than within the ecosystem, as in the figures56. Because of the humans-outside-of-ecological 
infrastructure perception, we accept huge investment in built infrastructure”; and “We need a 
greater understanding of ecological infrastructure and human interference”.  
 
                                               
56
 The participant is referring to the figures in the background notes and introductory presentation 
(Appendix 1). 
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The point about the background notes and introductory presentation incorrectly representing 
humans as being outside ecological infrastructure is well made. It will be addressed in the 
next chapter (Section 6.1). 
The costs and benefits of investing in ecological infrastructure  
In relation to the costs and benefits of investing in ecological infrastructure, responses 
tended to be more focused on possible trade-offs, rather than the nature of the costs and 
benefits themselves: “It is an integrated system, so there are trade-offs”; Investing in 
ecological infrastructure is important for “The future sustainability of an ecologically balanced 
system”; “Societies will be better off if more people take this view and go down this route, 
because it is more to do with wellbeing than GDP”57; and investing in ecological 
infrastructure is important for “more efficient, sustainable use of water resources for the long 
term.” Three participants further reduced the ecological and socio-economic trade-offs to 
monetary terms: “To invest in ecological infrastructure we will probably have to pay more tax. 
It’s easy to say ‘they’ should invest in ecological infrastructure, but would ‘I’ be prepared to 
pay more tax for ecological infrastructure? The answer is yes, but from built infrastructure or 
elsewhere. I’d prefer a redistribution of tax towards ecological infrastructure”; “Who pays 
first?” Will it be an “across the board cost?” What will the “impacts on production” be? For 
example, “what would happen if water went to $1,000 per megalitre?”; and “Humans take or 
exploit ecological infrastructure for dollars. The only question is how much are we prepared 
to take from and how much are we prepared to invest in ecological infrastructure?”  
 
Most participants involved in this particular discussion thought that economic considerations 
received too much weight in development decision making, at the expense of ecological 
integrity. For example: “It is expensive and often impossible to repair ecological 
infrastructure once damaged, so it is written off”; and “the state government is economy 
focused. Nationally the people’s view is also economically focused. No-one is prepared to 
sacrifice some living standards for the environment. The environment is therefore only ever 
paid ‘lip service’. This is hindering the ‘big picture’ development planning that we need”. 
Lastly, “the water price is too cheap; there is still a lot of water wastage”; and “Water use 
efficiency as concept has a lot of merit, (as it provides) up and down stream benefits for 
economic and ecological systems.”  
Priority areas for investment in ecological infrastructure  
The remainder of the discussion on the most important points raised during the focus group 
discussions was thematically oriented on the most important areas for investment in 
ecological infrastructure, such as: gaining a better understanding of ecological infrastructure 
                                               
57
 “GDP” is Gross Domestic Product. 
118 
and wider dissemination of knowledge; the need for more and better ‘baseline’ information; 
and more funding to obtain this information. Even though participants broadly agreed that a 
better understanding of ecological infrastructure was important, individual views on applying 
this understanding were quite different. The following two comments, for example, explicitly 
acknowledge the need for a better understanding of ecological infrastructure:  
Before investing we need to decide what we want from ecological infrastructure, 
so we need more government funding for correct, up-to-date science.  
 
We need a systems understanding of ecological infrastructure, particularly about 
limitations on how we can change the system while maintaining function and 
value.  
However, it is clear that the commentators had two very different purposes in mind for this 
improved knowledge. The first commentator saw science as a means of ‘commanding and 
controlling’ ecological infrastructure for human benefit, as per the comment “we need to 
decide what we want”. Whereas the second respondent saw science’s role as providing the 
knowledge that will enable us to work within the natural “limitations” of the system.  
 
Other responses that related to a better understanding of ecological infrastructure focused 
on the need for a wider dissemination of available knowledge: “We need to educate 
everyone about the real issues and what is at stake, specifically the death of the local 
economy”; “Change has to happen before we can achieve sustainability. Not everyone is 
aware of this, so we need to tell everyone that the need for change is a fact”; and “We also 
need a better understanding of interaction of ecological infrastructure and human 
interference. We must therefore invest in education”. A few participants thought that the 
‘sensationalization’ of knowledge by the media and the politicization of scientific research 
were barriers to an improved understanding and a more effective dissemination of 
knowledge: “There are a lot of rash statements made in the media, for example global 
warming disasters, so environmental issues in the Lower Burdekin, such as increasing salt 
and nitrate levels, are seen as more rash statements”. Media “sensationalizing” was thus 
seen to result in “desensitization”. Also, “Politicization of issues is constraining 
understanding, for example, some fish kills are natural, but chemicals have been blamed. 
Twisting and distorting of information confuses people”. 
 
The need for better NRM planning and management was again a major subtheme for the 
discussions that arose from this second key question (Table 3.2). Even so, a wide range of 
topics was canvassed and opinions were divergent. For example, on the one hand “We need 
a whole-of-government approach (all levels of government) to managing (natural) assets, 
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specifically catchment management”. But on the other hand “Local input into government 
policy/management is the best option, that is, local (site specific) action, not broad, ‘one size 
fits all’, which results in a lack of independence”. Most participants, however, agreed that 
maintaining the health of ecological infrastructure was not a high enough priority for current 
NRM policy and decision making: “Ecological infrastructure is inadequately valued and 
priced”; “We need to capitalise on water resources and not exploit them...via better water/soil 
management”; and “There needs to be better management of ecological infrastructure 
inputs, for example dealing with sources, not just effects, and valuing resources and 
ecological infrastructure in the Lower Burdekin in terms of recognising what we’ve got”. A 
slightly different perspective was “We need more responsibility and accountability from 
government to use funds for sustainable development outcomes, not politically driven ones”, 
for example, most state government funding is spent in “appeasing the south-east corner58 
population”. 
 
The opposing ‘command and control’ and ‘maintaining ecological function’ views were again 
discernible in some comments: “We must invest in the maintenance of ecological 
infrastructure where it will have most benefit, for example by maintaining agriculture 
production, but with more efficient water and nutrient use, via better pricing mechanisms”; 
and “(We) need to identify impacts on ecological infrastructure and built infrastructure 
systems now, before further development.” Here the first respondent sees investment in 
ecological infrastructure in terms of maintaining that part of it that benefits humans. This is a 
very widely held view that is manifested in NRM policy and water resource policy in several 
countries (Section 4.3.3). The second commentator is suggesting a halt to further 
development until the impacts on both ecological and human systems are better understood.  
 
The requirement for a whole-of-community approach to investing in ecological infrastructure 
was once again a shared view across all the focus groups, and the key points raised were 
similar to those discussed from the previous question: “We need to get all stakeholders 
together, for example Water Boards, SunWater, DERM59, Council and growers for planning 
to address the big picture issues”; and “The whole of the community is, or should be, 
responsible”. A slightly different view saw a whole-of-community approach from the 
perspective of more inclusive public debate: “We can’t separate water from other values and 
we need more and more inclusive community debate on how far we can go, trade-offs and 
so on”. But two respondents saw a whole-of-community approach in terms of individual roles 
and community support for individuals: “Everybody in the community has to have an agreed 
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 The “south-east corner” refers to Queensland’s metropolitan south-east. 
59
 “DERM” is an abbreviation for the Queensland Government Department of Environment and 
Resource Management. 
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role to play (in planning and problem solving), because they all have something to lose (if we 
don’t do enough)”; and “We need incentives (to invest in ecological infrastructure) for every 
single community member not playing a part. Everyone can see what’s going on in their own 
back yard and they will do what they can for ESD. But community support is needed if 
individuals have to invest more than they have, for example power generated by mills could 
be supplied to farmers to help run sprayers et cetera”.  
 
Perhaps the final word on which aspects of the focus group discussion were the most 
important should be left to the participant who exclaimed: “Gosh! They are all important!”  
5.4 Ending question - important issues that were not raised during 
the focus group discussions 
Participants’ views on important issues that should have been discussed were, for the most 
part, quite dissimilar. On reflection this is understandable, as many of the comments were 
strongly related to the various focus groups’ different interest areas. However, even within 
the focus groups, the range of topics raised was quite varied. It is likely that this outcome 
reflected the strategic selection of participants from as wide a range of views and 
experiences as possible. As a result of the range of topics that were broached, little in the 
way of conclusive findings can be reported from the discussions that took place in response 
to the ending question (Table 3.2). The following section highlights a couple of the most 
discerning and relevant responses, in the context of the rest of this study.     
 
Two groups raised the issue of the acceptance of the concept of investing in ecological 
infrastructure by the broader populace.  Some respondents wondered if the concept was “an 
environmental pitch” or “push”, and if so, “how will people respond to investing in ecological 
infrastructure, for ecological infrastructure’s sake?” One participant thought that “Without 
ecological infrastructure we won’t get long term water security, but it might be more 
acceptable (to the public), to suggest that it’s the right thing to invest in ecological 
infrastructure for society’s future well-being”. Another participant suggested that “How well 
people will understand the ecological infrastructure concept is largely governed by their 
attitudes to ecological infrastructure.” The concept of ecological infrastructure must therefore 
be “well-defined”, or “It will get different interpretations from different groups”. In relation to 
the wider recognition of ‘ecological infrastructure’, one respondent noted that “natural capital 
does not appear in the conceptual diagram” and that there was “a difference in language” 
between investing in ecological infrastructure and the natural capital/ecosystem services 
approaches. The implication of this comment is that those who have already adopted 
‘natural capital’ and ‘ecosystem services’ may find it easier to understand the concept of 
investing in ecological infrastructure, if it can be related to more widely accepted concepts. 
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This is a logical argument, which will be examined in greater depth in Chapter 6. However, 
as far as these focus group data goes, participants in three focus groups (scientists, local 
government representatives, and state and federal NRM agency representatives) had a 
good understanding of ‘natural capital’ and ‘ecosystem services’, yet there was no 
discussion related to these more widely recognized concepts. One possible explanation for 
this is that the questions and questioning route, along with the moderator’s approach, kept 
participants’ attention directed away from the more well-recognized natural capital and 
ecosystem services concepts. Nonetheless, it is interesting that apart from the above 
comment, there was no mention of natural capital or ecosystem services by participants who 
were more familiar with these concepts than they were with the concept of ecological 
infrastructure (see also Section 7.1). 
 
Three of the focus groups discussed political barriers to investing in ecological infrastructure. 
Participants involved in these discussions felt that water policy was “driven” from above by 
global, federal and state agencies, and that local stakeholders needed to have more input 
into policy and decision making. One respondent stated: “Governments need to be more in 
touch with stakeholders”, for example, Terms of Reference are not open to discussion; they 
are “already in place”. Participants also thought that federal and state legislation did not 
always “connect” and that duplication of federal and state legislation was “costly” in terms of 
the time required to comply with similar regulations being administered by different levels of 
government. In addition, there was a feeling that decision making was ill-informed: “We 
focus on solutions, but what are the actual issues? Not perceptions; we need to identify 
between fact and fiction”. Current funding approaches for NRM were viewed as another 
barrier to investing in ecological infrastructure: “Uncertainty about funds makes it hard. While 
we all need to be proactive, funding shortfalls have caused reactive approaches”; “Current 
governance arrangements are an impediment to good water management”; and “Funding 
must be across the scale”. 
 
Another discussion point relative to governance issues related to the imposition of property 
rights over various ecological infrastructure elements that are interconnected. For example, 
separating land and water property rights is a necessary step to create a water trading 
market. And the reason a water trading market is created is to increase the economic value 
of water, by ensuring it goes to the ‘highest value user’. However, as one participant 
remarked, “Due to the separation of land and water rights, land can lose much of its 
economic value without the water.” In other words, while the economic value of the water 
may increase, the economic value of the land decreases.  
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In the context of the topic of this thesis, it is important to add here that water has an 
ecological, as well as an economic value. Indeed, water is the basis of life itself. While 
trading water may increase its economic value, it may also decrease the ecological value of 
the environment the water has been removed from. Furthermore, the ecological 
infrastructure that ‘receives’ the water is subject to “unwanted connectivity” issues, such as 
rising groundwater, salinization, invading pest species, tail water and drainage issues, and 
other negative impacts. Consequently, the ecological value of the receiving environment 
may also be diminished, albeit that the extent of the loss may not be fully realized for years 
or even decades into the future. 
 
Water trading is based on the creation of private property rights over part of ‘public’ 
ecological infrastructure. In other words, complex interconnected systems are 
conceptualized as linear production lines constituted by discrete components (Chapter 2). If 
we adopt the conceptual framework developed in this thesis, however, the ‘highest value 
user’ of the water is ecological infrastructure, because it is ecological infrastructure that 
produces all the ecosystem services humans require for their well-being. Within this 
framework, diverting water from one environment to another must therefore be based on 
long term ecological sustainability and not short term economic benefit.  
5.5 Conclusions 
5.5.1 How, when, where, what and why we should be investing in ecological 
infrastructure 
The main objective of the focus group discussions was to record the views of a wide range 
of stakeholders on how, when, where and why we should be investing in ecological 
infrastructure and in what ways.  
 
The data show that the focus groups clearly identified the major environmental problems in 
the Lower Burdekin region and strongly articulated the need to address these problems. The 
need for investment in a better understanding of ecological infrastructure, the need to restore 
degraded ecological infrastructure and the need for better planning and management of both 
ecological and built infrastructure were confirmed by the focus groups. Conversely, except 
for one or two comments, such as “We need to invest in new development areas” and “we 
need to save the ecological infrastructure before repair is necessary”, the importance of 
investing in maintaining and enhancing ‘undisturbed’ ecological infrastructure, per se, was 
not a priority for many participants. There is, however, more to be said about this conclusion 
and it will be re-visited in the discussion section below (Chapter 7).  
 
123 
The need to better integrate ecological and built infrastructure was viewed as important by 
some, but not all focus groups. As to the question of how to invest, there was strong 
agreement that a whole-of-community effort is a necessary aspect of any approach to 
investing in ecological infrastructure. The focus groups also agreed that short term economic 
costs were a major barrier to investing in ecological infrastructure.  
 
The question of what to invest in was commented on by participants, but no consensus 
among all groups emerged. For example, water use efficiency was viewed by some groups 
as a necessary investment, but other groups did not discuss it. The subject of when to invest 
was not discussed in any detail.  
 
While there was a general consensus that investing in ecological infrastructure is essential, 
participants’ reasons for investing in ecological infrastructure were divided between ensuring 
long term ESD and maintaining current economic performance. These findings indicate that 
stakeholders with differing world views may accept the need to invest in ecological 
infrastructure relatively easily, but their different world views may result in conflicts over 
investment priorities. This confirms the conclusion from Chapter 4 that perceptions of the 
nature and role of ecological infrastructure, or “cultural world views”, govern our approaches 
to dealing with it. As one respondent suggested, “How well people will understand the 
ecological infrastructure concept is largely governed by their attitudes to ecological 
infrastructure”.  
 
The need for better planning and management of both ecological and built infrastructure at 
the state and federal level, and the need for a whole-of-community approach to investing in 
ecological infrastructure at the local level, were widely held views. We can thus conclude 
from the Lower Burdekin focus groups that effective investment in ecological infrastructure 
requires a combination of top-down and bottom-up management approaches. This 
conclusion aligns with the proposition that NRM issues tend to be cross-scale in space and 
time (Holling et al. 1998). This finding is also important in relation to the development of the 
concept of investing in ecological infrastructure, because it suggests that an overarching 
framework to guide NRM thinking and actions must be applicable at various scales.  
5.5.2 Participants’ reactions to the concept of investing in ecological 
infrastructure 
The second objective was to test the reactions of people from various educational and 
vocational backgrounds to the concept of investing in ecological infrastructure. Participants 
were provided with only a very brief description of ecological infrastructure before they were 
asked for their views on investing in it. In relation to the concept of ecological infrastructure, 
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participants related strongly to the various elements, such as rivers, wetlands, soils and 
aquifers, and to connectivity. Indeed, several participants looked beyond the connectivity of 
ecological infrastructure to the linkages between human and ecological systems.  
 
Not all participants, however, found the concept easy to grasp. One participant, for example, 
understood ‘ecological infrastructure’ as built infrastructure that was used to manage natural 
resources. In other words, dams and irrigation infrastructure were ‘ecological’ infrastructure, 
because they stored and distributed water.  
5.5.3 Enhancing our capacity to deal with an uncertain future 
Perhaps the most powerful idea to emerge from the Lower Burdekin focus groups is that 
investing in ecological infrastructure is not just about quantitative or qualitative cost/benefit 
trade-offs. It is also about maintaining and indeed enhancing, our capacity to deal with an 
uncertain future. The implications of this and other research findings are further elaborated in 
the next chapter. 
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Chapter 6 - Refining the conceptual framework 
With regards to the framework developed in Chapter 2, the Lower Burdekin focus groups 
produced four important points for consideration. Three of these are based on comments 
from individual participants. Firstly, it was observed that the investing in infrastructure model 
represented in Figure 2.12 depicted socio-economic systems as being outside ecological 
infrastructure, when they should be inside it. Secondly, human activity, such as damming a 
river, not only disconnects ecological infrastructure. It can also feed waste streams into 
ecological infrastructure; for example tail waters that are discharged into surface and ground 
water systems. Furthermore, human actions can alter natural cycles, as in the case of 
formerly ephemeral streams that now flow all year round.  
 
These two observations are relatively easily incorporated into the proposed ‘investing in 
ecological infrastructure’ framework (Figure 6.1) 
 
 
Figure 6.1: Humans exist within ecological infrastructure and feed wastes back into it  
as well as accessing services from it. 
 
The third point is based on the proposition that those who have already adopted the notions 
of natural capital and ecosystem services may find it easier to understand the concept of 
ecological infrastructure if it can be related to ‘natural capital’ and ‘ecosystem services’. This 
point demands further attention, because one of the stronger conclusions from the focus 
group interviews was the need for a better understanding of ecological infrastructure.  
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It was concluded in Chapter 2 that “part of natural capital is ‘invested’ in ecological 
infrastructure, for the production of ecosystem services”. Another way of putting this is: 
ecological infrastructure is how natural capital is arranged, or organized to produce 
ecosystem services (Dominati et al. 2014). According to this description, ecological 
infrastructure has structure (the arrangement or organization of natural capital) and function 
(the production of ecosystem services). This is a richer description of ecological 
infrastructure than “the basic underlying framework or features of ecological systems”, which 
emphasises structure only. It also locates ‘ecological infrastructure’ rather neatly within the 
economics-based natural capital and ecosystem services nomenclature.  
 
Notwithstanding, “how natural capital is arranged to produce ecosystem services” does not 
provide a conceptual approach for NRM, and this brings me to the fourth point for 
consideration. This particular point is a key conclusion from the Lower Burdekin focus group 
discussions: a better integration of top down and bottom up approaches is necessary if 
investing in ecological infrastructure is to be successful. The reason behind the need for a 
better integration of top-down and bottom-up governance approaches is that environmental 
issues tend to be cross-scale in space and time (Holling et al. 1998). This in turn suggests 
that an overarching strategic approach for dealing with public ecosystem services in a 
sustainable way must be spatially and temporally scalable (Burkhard et al. 2010; De Groot et 
al. 2010; Paetzold et al. 2010; Wei Zhang et al. 2007). 
 
Considering spatial scalability first, all that is required to apply the framework in Figure 6.1 is 
to define the scale of analysis. For example, an analysis of the Lower Burdekin region would 
examine the elements (river, aquifers, wetlands, estuaries et cetera), ecosystems, 
ecosystem services, connectivity, human benefits, wastes produced and the type and level 
of investments made in the ecological infrastructure of the Lower Burdekin. At a finer scale, 
a farmer in the Lower Burdekin would consider the farm’s ecological infrastructure elements, 
ecosystems, ecosystem services, connectivity, human benefits, wastes and the type and 
level of investments made in the ecological infrastructure of the farm. The concept of 
investing in ecological infrastructure, as represented by Figure 6.1 can consequently be 
applied at the global, national, regional, catchment, municipal, farm and household spatial 
scales.  
 
‘Investing in ecological infrastructure’ is also applicable across time. For example, because it 
does not include the ‘human benefits’, ‘wastes’ and ‘investment’ components, Figure 2.7(a) 
describes the operation of ecological infrastructure before hominids emerged a few million 
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years ago. The elements, systems, services and connectivity-based ecological infrastructure 
model only fails when we reach a point prior to the emergence of life on earth; that is, when 
ecosystems did not exist and there were no ecosystem services. Nonetheless, immediately 
prior to the emergence of life, there still must have been a “basic underlying framework or 
features” that not only produced, but sustained the first life forms. In other words, there was 
an ‘ecological infrastructure’ before, and from which, life emerged and evolved. This 
primordial ecological infrastructure consisted of abiotic elements and systems, and chemical 
processes (Ehrlich and Ehrlich, 1992) (Figure 6.2).  
 
 
Figure 6.2: Ecological infrastructure prior to the emergence of the first life forms 
consisted of abiotic elements and systems, and chemical processes. 
 
The elements, systems, services and connectivity conceptualization of ecological 
infrastructure is therefore both spatially and temporally scalable, if the ‘services’ component 
of the model is re-labelled as ‘processes’. This change not only broadens the temporal 
scalability of the proposed framework, it also improves its overall conceptual robustness, 
because ecosystem services are in fact an inalienable subset of ecological processes 
(Chapter 2). An updated version of the investing in ecological infrastructure framework, 
which incorporates these findings from the focus groups, is provided in Figure 6.3.  
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Figure 6.3: Unsustainable and sustainable development approaches. 
(a) Contemporary socio-economic systems over-exploit ecosystem services and feed treated and 
untreated waste streams back into ecological infrastructure. Built infrastructure attracts 
significant investment for improved socio-economic services. Market-based NRM approaches 
focus on ecosystem services, rather than the ecological infrastructure that produces them.  
Such systems are not sustainable over the long term. (b) Sustainable development over the 
long term requires significant investment in ecological infrastructure, including configuring 
built infrastructure and treating wastes, so that they maintain and enhance ecological integrity. 
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Figure 6.3 highlights the key structural and functional aspects of ecological infrastructure. 
Specifically, natural elements at various scales support ecosystems, which produce 
ecological processes. Some of these processes are ‘fed back’ to ecosystems and elements. 
As conceived, ecological infrastructure is characterized by the connections between organic 
and inorganic materials (Arthington et al. 2006; Soule et al. 2004; Ward and Stanford, 1995). 
This vital ‘connectivity’ maintains the flows of matter, energy and information that are 
essential for sustaining ecosystem functioning (Holling et al. 2002). In addition, Figure 6.3 
‘embeds’ socio-economic systems within ecological infrastructure, as suggested by the focus 
groups. This is depicted by using coloured shading, rather than using boxes within a larger 
box, as in Figure 6.1. Lastly, in Figure 6.3 “Investment” has been further delineated into 
“Ecological infrastructure investment” and “Built infrastructure investment”, and ‘waste 
streams’ have been added.  
 
As argued in Chapter 2, ‘ecosystem services’ are a subset of ecological processes that are 
not actually separable from other processes, or from the infrastructure that produces them. 
However, market-based perspectives conceptualize ecosystem services as discrete units 
(Figure 6.3(a)). For example, Turner and Pearce’s (1993) TV = TPV + TSV equation 
separates the total primary value (TPV), or “glue” value of an ecosystem from its “range of 
functions and services” (TSV). In modern social-ecological systems (Figure 6.3(a)), the vast 
proportion of infrastructure investment is in built infrastructure, which includes man-made 
agro-ecosystems. Most built infrastructure, along with treated and untreated wastes, has a 
harmful effect on ecological infrastructure. These negative impacts, or “unwanted 
connectivity” are represented in Figure 6.3(a) by the black arrows flowing from the socio-
economic system into ecological infrastructure. The result of these impacts is reduced 
ecological integrity, which is represented by narrower green dashed arrows in Figure 6.3(a) 
compared to Figure 6.3(b). 
 
Figure 6.3(b) depicts a social-ecological system that is, in principle, ecologically sustainable. 
Here the integrity or ‘health’ of the ecological infrastructure that produces the entire range of 
ecological processes, including ecosystem services, is maintained via direct and indirect 
human investments, represented by the green arrow from “Ecological infrastructure 
investment” and “Built infrastructure investment” back into ecological infrastructure (green 
shading). A significant portion of this investment is directed toward designing, constructing 
and operating built infrastructure so that it does not degrade or destroy essential ecological 
infrastructure. This is denoted in Figure 6.3(b) by the black arrow from “Built infrastructure 
investment” to “Ecological infrastructure investment”. In reality, not all built infrastructure can 
be made completely ‘green’. But in a sustainable social-ecological system (Figure 6.3(b)), a 
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high proportion of built infrastructure will be configured and re-configured to maintain and 
enhance the integrity of ecological infrastructure.  
 
In Figure 6.3(b), most of the waste produced by socio-economic systems is re-invested in 
ecological infrastructure, as portrayed by the green arrow from “Waste treatment” back into 
ecological infrastructure (green shaded area). A good example of re-investing wastes back 
into ecological infrastructure is carbon investment in soils. Soil is a primary filter and buffer of 
the world’s waters, nutrients and gases. In relation to soil water, it is the size and shape of 
soil pores and their connectivity that either enhances or curtails the capacity of soil to buffer 
and filter water (Clothier et al. 2008). Figure 6.4 shows X-ray tomographs of two identical 
soils from neighbouring orchards. Over a 12 year period, different carbon-investment 
strategies were used to modify the macroporous infrastructure of the orchards’ soils. The two 
formerly identical soils now perform quite differently in terms of their buffering and filtering 
services, with the soil that received the greater carbon investment showing a marked 
improvement in macropore connectivity (Deurer et al. 2009; Clothier et al. 2008) (Figure 6.4).  
 
 
Figure 6.4: Results of carbon investment in soils.  
X-ray tomographs of two identical soils that have undergone different carbon-investment strategies. 
The sample on the right shows improved connectivity of its macroporous ecological infrastructure due 
to greater carbon investment (Deurer et al. 2009). 
 
As well as improving the soil’s capacity to buffer and filter water, increased macroporosity 
can reduce emissions of nitrous oxide through better aeration (Deurer et al. 2009). The 
nitrogen mineralized within the soil’s matrix is also better protected from leaching when 
macropore connectivity is enhanced. This is because improved macroporosity allows influent 
water to bypass the soil’s matrix during the infiltration and drainage that follows rainfall 
(Clothier et al. 2008). Carbon investment in soils also provides a sink for carbon that is 
emitted through exploiting fossil fuels for energy production.  
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Returning to Figure 6.3(b), to support the requirements of forthcoming generations, 
maintaining existing ecological infrastructure will not be sufficient. As practically 
demonstrated by carbon investment in soils, the function of ecological infrastructure can be 
enhanced, as well as maintained and restored. Enhanced ecological function is represented 
by the thicker green dashed arrows in Figure 6.3(b), compared to Figure 6.3(a).  
 
Furthermore, because carbon investment in soil is evidence of the practical application of 
investing wastes into ecological infrastructure and enhancing its capacity to produce 
ecosystem services, it can be used to test the scalability of the ‘global’ framework 
represented by Figure 6.3(b) (Figure 6.5).  
 
 
 
Figure 6.5: Investing in ecological infrastructure: applying the framework at farm scale. 
Carbon investment in soil ‘infrastructure’ maintains and enhances the production of soil ecosystem 
services. 
 
Figure 6.5 demonstrates that little effort is required to downscale Figure 6.3(b) so that it 
depicts carbon investment in soil at the farm scale. Furthermore, the conceptualization of 
nature in terms of elements, systems, processes and connectivity helps us to order our 
thoughts about phenomena to uncover patterns (Parsons et al. 2009) and focus attention 
and stimulate our thinking (Walters and Korman, 1999). For example, the focus groups 
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results show that the investing in ecological infrastructure framework helped to focus 
participants’ attention and stimulate their thinking about ecological ‘elements’ and 
connectivity, including the “unwanted connectivity” between built and ecological 
infrastructure. It is this focus on connectivity that enables the concept of investing in 
ecological infrastructure to provide an ecologically robust, economic analogy for ecosystem 
functioning. Indeed, Figure 6.3 accounts for the public nature of ecosystem functioning, both 
in terms of current, unsustainable development approaches ( Figure 6.3(a)), and in terms of 
what is required for long term, ecologically sustainable, socio-economic development (Figure 
6.3(b)). At the global level, Figure 6.3(b) provides an alternative to the current economic 
growth ‘imperative’. And it is a viable alternative, as will be shown in the concluding chapter 
below.   
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Chapter 7 - Discussion, conclusions and further research 
opportunities 
7.1 Discussion 
From the poorest farmer to the wealthiest nation, we can all invest in ecological 
infrastructure. This is because investments of time, intellect and energy, as well as money, 
can pay an ecological ‘dividend’. In fact, maintaining ecological integrity does not necessarily 
require money at all, as exemplified by the Bindal tribe’s practice of exhausting the food 
resources of a locality only a “little” and moving on (Morrill, 1864). ‘Investing in ecological 
infrastructure’ can be broadly applied, because this conceptual framework is scalable across 
space and time (Chapter 6). The scalability of ‘investing in ecological infrastructure’ is due to 
its focus on connectivity. That is, no matter what scale is adopted, the proposed conceptual 
framework (Figure 6.3(b)) requires the analyst to ask “what is connected to what, how, 
where, when and why?” Relating this back to the conceptual issues confronting the 
ecosystem services approach (Sections 2.2.3, 2.2.4 and 2.2.5), investing in ecological 
infrastructure’s focus on connectivity prevents the analyst from considering elements, 
ecosystems or ecosystem processes in isolation from each other, or from the system as a 
whole.  
 
Carbon investment in soil provides a farm level example of restoring, maintaining or 
enhancing ecological functioning via a focus on connectivity. In this case the connectivity is 
associated with soil pores (Bristow et al. 2010). The usefulness of a connectivity-focused 
analytical approach is also exemplified by dryland salinity (Figure 2.10). A third example is 
the irrigation mosaic concept. Creating an irrigation mosaic involves developing smaller 
discrete patches of irrigated land dispersed across the landscape, as opposed to a large 
contiguous irrigation system. Zones of transition between adjacent ecological systems are 
important characteristics of natural mosaics and they play a key role in energy and material 
fluxes (Paydar et al. 2007). Irrigation mosaics can thus be used to create or enhance zones 
of transition in the agricultural landscape. This effectively restores, maintains or enhances 
ecological connectivity, leading to greater biodiversity and improved microclimates. Improved 
zones of transition also reduce “unwanted connectivity” impacts from agricultural 
infrastructure and practices, by helping to minimize erosion and absorb surplus nutrients, 
sediments and solutes that flow from the surrounding crop fields (Paydar et al. 2007). 
 
At a higher scale, one of the best examples of the usefulness of ‘investing in ecological 
infrastructure’ is one that is often used to support the adoption of the ecosystem services 
approach. This example is New York City’s decision to preserve the Catskills watershed. 
According to Chee (2004, p. 550) the Catskills case is one of the “compelling examples” of 
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how the valuation of previously overlooked ecosystem services has helped to improve our 
management of natural capital. More specifically (Chee, 2004, p. 550): 
New York City administrators decided that restoring the ecological integrity 
of the Catskills Mountains watershed would be less costly in the long-run 
than constructing a new water filtration plant. Watershed restoration would 
also provide additional ecosystem services such as flood and erosion 
control, carbon storage and visual amenity benefits.  
Despite his assertion about the usefulness of the ecosystem services approach, Chee’s 
explanation states that the New York administrators’ decision was based on the cost of 
restoring the “integrity” of ecological infrastructure versus the cost of building and operating 
water treatment infrastructure. Chee (2004, p. 550) also acknowledges that the investment in 
ecological infrastructure provides “additional ecosystem services” to the water treatment 
services. This highlights the difference between using an ‘investing in ecological 
infrastructure’ approach and an ‘ecosystem services valuation’ approach. If New York’s 
decision was based solely on the economic cost of ‘providing’ clean drinking water and the 
treatment plant cost was somewhat less than restoring the watershed, the administrators 
would have opted for the new treatment plant, rather than restoring the watershed. Under 
this scenario, New York residents would still have clean drinking water, but the other 
services that were produced by a healthy watershed may have been lost, perhaps forever60.  
 
Viewed from an investment perspective, the “additional ecosystem services” produced by 
restoring, maintaining and enhancing ecological infrastructure amount to a bonus ecological 
‘return’ on our infrastructure investment. Indeed, because of complexity, investment in 
ecological infrastructure at one scale could produce ecological ‘returns’ at a range of spatial 
and temporal scales. Biologists refer to these cross-scale ecological ‘returns’ as “trophic 
cascade effects” (White and Garrott, 2005, p. 142). The cross-scale effects of ecosystem 
functioning are generally regarded as a problem to be dealt with in NRM (Cumming et al. 
2006; Folke et al.1998). However, studies such as those carried out on the introduction of 
wolves back into Yellowstone National Park (White and Garrott, 2005; Smith, 2003) suggest 
that ecological complexity may also be harnessed, or utilized, to maximise returns on 
ecological infrastructure investments.  
 
There is a second and related aspect of this bonus ‘return’ from investing in ecological 
infrastructure. Unlike built infrastructure, which requires on-going investment for its operation 
and maintenance, healthy ecological infrastructure not only regenerates itself, it also grows 
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 See Heal (2000).  
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and evolves - if it is not exploited inappropriately. In many places around the world extensive 
ecological infrastructure restoration is now required, as soon as possible. But once 
ecological infrastructure is sufficiently restored, we may be able to reduce the level and 
extent of our restoration efforts over time. The potential of a ‘diminishing’ socio-economic 
investment in restoring, maintaining and enhancing ecological infrastructure has profound 
implications, because it suggests that the global economic system can make a relatively 
smooth transition from a growth-based to a regenerative modus operandi61.  
 
This is not to say that any investment in any ecological infrastructure element, system, 
process or connection will produce cross-scale benefits, or that investing in a larger system 
will produce benefits in each of the elements, ecosystems, processes and connections within 
that system. What it says is, if we can expect negative non-linear outcomes to result from 
degrading or destroying ecological infrastructure, we can also expect positive non-linear 
outcomes to result from investing in ecological infrastructure.  
 
The aim of this thesis was to develop a conceptual framework that accounts for the public 
nature of ecosystem services delivery. The point of developing such a framework is to guide 
NRM decision making towards socio-economic outcomes that are ecologically sustainable 
over the long term. Gaining an understanding of stakeholders and decision makers’ views on 
the conceptual framework was therefore a critical part of concept development.  
 
A case study of the Lower Burdekin region was used to test the conceptual framework. Data 
were drawn from an historical analysis of the region’s ecological and socio-economic 
development, and from a series of focus group discussions conducted with contemporary 
stakeholders in the region. The data gathered produced robust conclusions about past and 
present approaches to investing in ecological infrastructure, thus validating the use of these 
two methods within a case study approach. For example, the environmental history and 
focus groups’ data provided the means to make comparisons between contemporary and 
past views and approaches. Specifically, the original human inhabitants of the Lower 
Burdekin region actively maintained their ecological infrastructure. But, since European 
settlement, the importance of ecological integrity has been largely ignored. The exception to 
this general finding is the delta aquifer re-charge scheme, which is similar to the Bindal 
people’s approach, in that the guiding parameter for its sustainable use is the ecological 
function of the aquifer, with regards to maintaining the seawater/groundwater interface.   
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 Growth based economies are characterized by extractive “take, make, waste” approaches, which 
are founded on assumptions that natural resources are infinite.  A regenerative economy is founded 
on the principle that human populations must live within the regenerative capacity of ecosystems, and 
is typified by ‘zero waste’, renewable energy and accountability for all materials flowing through the 
system (Senge et al. 2008). 
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The different methods and different sources of data also produced evidence of the need to 
further examine the concept of investing in ecological infrastructure, as framed by this thesis.  
Focus groups participants related strongly to ecological infrastructure ‘elements’, such as 
rivers, wetlands, soils and aquifers, and to connectivity. Moreover, several participants 
looked beyond the connectivity of ecological infrastructure to the linkages between human 
and ecological systems. Relating this finding back to the historical analysis; despite their 
different cultural world views, the Bindal people and Lower Burdekin stakeholders in the 
1960s related to the visible elements of ecological infrastructure and to ecological functions 
that they were familiar with.  
 
Conversely, there was virtually no discussion within the focus groups on ecosystems or 
ecosystem services. The absence of such discussions could be attributed to the focus of the 
questions and question route, and/or to the style that was employed to moderate the focus 
group interviews. But participants in three focus groups (researchers/scientists, local 
government representatives, and state and federal government agency representatives) had 
a good understanding of ecosystems and the services they produce. It is therefore 
somewhat surprising that the similarities and differences between ecological infrastructure 
and ecosystem services, or the advantages or disadvantages of investing in ecological 
infrastructure compared to the ecosystem services approach were not raised in these three 
groups62.   
 
This brings us to the strategic approach proposed in Section 2.3.3. One of the strong points 
of agreement across the focus groups was the need to invest in improving our understanding 
of ecological infrastructure. Improvements in the dissemination of knowledge were also seen 
to be an important part of ecological infrastructure investments. The strength of these 
conclusions warrants a further examination of stakeholders’ views on what new knowledge is 
required and how knowledge can be better disseminated (Cash et al. 2003). The need to 
restore degraded ecological infrastructure and the need for better planning and management 
of both ecological and built infrastructure were strongly supported by the focus groups data. 
But the need to invest in maintaining and enhancing ‘undisturbed’ ecological infrastructure 
was not a major discussion point.  
 
                                               
62
 There were a few isolated comments such as: “it is a good idea, but needs planning”; “How well 
defined is ecological infrastructure?  The definition of ecological infrastructure is important. It will get 
different interpretations from different groups”, and; “Natural capital is a well recognized term, but it 
does not appear in the conceptual diagram. There is a difference in language”. There was, however, 
no discussion on the advantages or disadvantages of using the investing in ecological infrastructure 
concept, compared to the ecosystem services approach. 
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The need for effective management of both surface drainage and deep drainage systems 
was, however, widely discussed. This was largely because rising ground water and salts 
degrade and destroy productive agricultural land. Yet, the effect of developing appropriate 
irrigation drainage management and disposal systems is to make built infrastructure more 
compatible with ecological infrastructure, by resolving the “unwanted connectivity” issues 
that were identified by the focus groups. An added ‘bonus’ from investing in irrigation 
drainage management is the long term social-ecological benefits that are a result of 
maintaining the natural function of surface water, ground water, soils and other ecological 
infrastructure elements that are connected to those being exploited. Generally speaking, 
ensuring that our built infrastructure is more compatible with, and within, ecological 
infrastructure is thus tantamount to investing in maintaining ‘undisturbed’ ecological 
infrastructure. It is apparent from the focus group data that many stakeholders do not directly 
recognize the need to maintain and enhance undisturbed ecological infrastructure in the 
broader sense. They may, however, be better able recognize this need if it is articulated in 
terms of flow-on effects from restoring degraded ecological infrastructure and/or investing in 
a better integration of built and ecological infrastructure.    
 
Economic return on investment is a major determinant of whether or not public infrastructure 
projects are undertaken (Harrison, 2010). The environmental history of the Lower Burdekin 
revealed that extensive economic analysis was undertaken prior to the Burdekin Dam and 
BHWSS development (Burdekin Project Assessment Committee, 1978). Nevertheless, the 
return on the public investment was only around half that predicted (Queensland Public 
Works Committee, 2003). Even though the project failed to meet its projected economic 
return on investment, the general view of the focus group participants was that the Burdekin 
development has been successful in terms of socio-economic outcomes. They did not, 
however, regard it as successful with respect to ecological outcomes. Indeed, the general 
consensus was that it was poorly planned and managed.  
 
The exploratory nature of the Lower Burdekin focus groups means that these data are by no 
means conclusive, but they are suggestive enough to warrant further research to determine 
whether or not similar views occur more widely. In other words, would the public in general 
accept lower or even zero return on built infrastructure investment, if the developments in 
question were ecologically sustainable over the long term? Data from the Prime Minister’s 
Science, Engineering and Innovation Council Report (2002, p. 7) show that avoiding 
ecological degradation is “far cheaper” than allowing degradation to occur and subsequently 
inheriting “a costly repair bill”. In relation to the Lower Burdekin, the additional cost of 
installing effective deep drainage control and disposal measures during the initial 
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development of the BHWSS would have been “far cheaper” than restoring, or ‘writing off’ 
ecological infrastructure that is now degraded or destroyed, because these measures were 
not put in place. 
 
A whole-of-community effort was viewed by the Lower Burdekin stakeholders as a 
necessary aspect of investing in ecological infrastructure. This is an important finding, 
because it supports the underpinning argument of this thesis, which is that ecosystems and 
the services they provide are ‘public’. The focus groups results also suggest that 
stakeholders with differing world views may accept the need to invest in ecological 
infrastructure relatively easily, but their different world views may result in conflicts over 
investment priorities. This supports the conclusion from Chapter 4 that cultural world views 
(our “attitudes to ecological infrastructure”) shape our perspectives of ecological 
infrastructure (how we “understand” it) and therefore govern our approaches to dealing with 
ecological infrastructure. Given the worsening global ecological crisis, one must conclude 
that current perceptions of the nature and role of ecological infrastructure are ill-conceived. 
This brings me to one of the most profound ideas to emerge from this thesis.  
 
Investing in ecological infrastructure is not just about quantitative or qualitative cost/benefit 
trade-offs. It is also about maintaining and indeed enhancing, our capacity to deal with an 
uncertain future. In a general sense, healthy, resilient ecosystems will be better equipped to 
deal with disturbances of any kind, including climate change and other anthropocentrically 
induced impacts, than those that are degraded. In addition, how many potentially life-saving 
or life-improving remedies have already been lost due to species extinctions caused by land 
clearing, over fishing, or other human-induced environmental changes? How many more will 
be lost before we begin to invest appropriately in ecological infrastructure?  
 
How much we can enhance our ability to deal with an uncertain future through ecological 
infrastructure investment is determined by the overall ‘ecological return on investment’, 
which is itself determined by the extent, level and timing of our investments. The extent, level 
and timing of ecological infrastructure investments that are required for the continued well-
being of current and future populations is the subject of further research. With regards to 
enhancing our capacity to deal with uncertainty, timing appears to be the most critical factor. 
This is because the continued degradation of ecological infrastructure does not just result in 
the loss of discrete elements, ecosystems and ecological processes that we have 
overexploited. The capacity of the system to regenerate itself and evolve is also reduced. 
The level and extent of investment required in ecological infrastructure is therefore not only 
increasing; it is increasing non-linearly. On the other side of this coin, the sooner we begin 
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investing, the greater will be the returns, due to ecological connectivity and cross-scale 
effects.   
 
To conclude this section, the triangulation of research methods and data sources within a 
case study approach worked well in terms of data gathering, analysis and applying the 
research findings to the conceptual framework. In addition, during the focus group sessions 
a number of participants were observed to refer back to their hand-written responses to 
previous questions, in order to help them contribute to current discussions. This was 
particularly the case with the last question, about which aspects of the discussion were the 
most important (Table 3.2). The ability to refer back to previous responses to help 
participants contribute to ensuing questions was not cited in the literature reviewed as either 
an advantage or a disadvantage of the interviewing style adopted. Given that the participants 
who used their notes for reference undertook this activity of their own accord, it must be 
concluded that having their notes as a ‘ready reference’ is considered by some participants 
to be helpful.  
 
There were two notable limitations associated with the methods chosen for the case study. 
Because environmental history studies examine the environmental processes that involve 
nature and culture from beginning to end (Simmons, 2001), the subject of these studies is 
often spatially and/or temporally quite specific. For example, many of the best known studies 
have been of an individual river or of a particular region at a key time in its history (Simmons, 
2001). A full account of the environmental history of the Lower Burdekin region requires 
much more space than what has been allocated in this thesis, which means that temporal 
and spatial simplifications have been necessary. This has somewhat reduced the richness of 
the data presented. Having acknowledged this though, the concept of ‘infrastructure’ (in this 
instance ‘ecological’ and ‘built’ infrastructure) proved to be an effective focus and ‘filter’ for 
gleaning the most relevant data for the study at hand.   
 
A more directive approach to focus group moderation proved to be highly suited to an initial 
inquiry into Lower Burdekin stakeholders’ views about a new NRM concept. The major 
limitation to this approach was that the differences in views between and within the different 
focus groups were difficult to discern from the data (Stewart et al. 2007; Morgan, 1997). And 
the differences that were discernible were general ones that were, for the most part, 
expected. For instance, the industry group was more concerned with economic outcomes 
than the other groups. Also farmers groups, the local government group and the industry 
group were oriented towards more immediate local outcomes, whereas state and federal 
government agency representatives and scientists were concerned with outcomes at 
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broader temporal and spatial scales. Some individual comments were quite unexpected, 
however. For example, one of the farmers stated that in the Lower Burdekin “water was too 
cheap”.   
 
It was also difficult to determine from some participants’ responses whether they had 
grasped the idea of infrastructure as a framing concept, or were just responding ‘pro-
ecologically’ to the questions. In terms of future focus group discussions, this issue could be 
readily addressed by changing the final question from: “Is there anything we should have 
talked about, but didn’t?” to; “Now that the focus group discussion is completed, what is your 
understanding of the concept of ecological infrastructure?”, or something along these lines. 
Responses to this question could then be compared to those recorded for the third question, 
(“What is your understanding of the ecological infrastructure of the Lower Burdekin?”). Such 
a comparison would provide a better indication of how well the proposed conceptual 
framework was received by the participants.  
 
Whilst the use of a more directive approach reduced my ability to identify the nuances within 
and/or between groups, this was not a major issue in terms of the results of this study, 
because I was seeking ‘group to group validation’ of the proposed conceptual framework. In 
other words, I was looking for a “consistent level of energy among a consistent proportion of 
the participants across nearly all the groups”, in relation to the concept of investing in 
ecological infrastructure (Morgan, 1997 p. 63). As the results show, this aim was achieved. It 
must also be acknowledged, however, that this was exploratory research; in other words, a 
‘first cut’. Further research opportunities could include a finer grained analysis of the 
differences in views about investing in ecological infrastructure. Some other research 
opportunities are outlined in Section 7.3. Before these are iterated though, it is necessary to 
assess the thesis’ delivery on its aim.   
7.2 Conclusion 
The aim of this study was to develop a conceptual framework for socio-economic 
development that accounts for the public nature of ecosystem functioning, including the 
delivery of ecosystem services.  
 
Public goods and services are characterized, in economic terms, by non-excludability. This 
means that those who are not willing to pay for public goods and services cannot be 
excluded from consuming them. In other words, public goods and services cannot be fenced 
off, bounded, or isolated from ‘would be’ consumers. For example, while beehives may be 
located on the beekeeper’s private property; that is, the beekeeper ‘owns’ the hives, the 
beekeeper may not necessarily have control over the bees’ foraging habits and/or the plants 
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that the bees visit. The beekeeper’s neighbours thus also ‘consume’ the bees’ pollination 
service.  
 
Figure 6.3(b) depicts ecosystem services, which humans utilize for their benefit, as an 
integral component of ecological processes. These processes are, in turn, depicted as part 
of an interconnected ecological infrastructure. Because of ecological connectivity, it is 
apparent from Figure 6.3 that an impact on any of the elements, ecosystems, ecological 
processes, or on connectivity, can potentially impact the ecological infrastructure as a whole, 
and this includes the socio-economic systems that are dependent on it. Because of 
ecological connectivity, we cannot bound or isolate elements, ecosystems, 
processes/services from each other, or from their ecological infrastructure. Figure 6.3 thus 
accounts for the public nature of ecosystem functioning at a high level of abstraction. Figure 
6.3 also accounts for the delivery of ecosystem services according to popular perception 
(Figure 6.3(a)), and according to the reality of public ecosystem functioning (Figure 6.3(b)).  
 
The differences between this thesis’ theoretical and methodological approaches compared 
to those of market-based approaches to NRM can be summarized as follows: instead of 
adopting an economic conception and applying it to nature, this thesis adopted an ecological 
concept and applied it to socio-economic systems, using stakeholder input to refine and 
strengthen the conceptual framework.  
 
With regards to implementing the conceptual framework, the ecosystem services approach 
requires more knowledge and significant institutional change before it can be employed at a 
global level (Kubiszewski and Costanza, 2012; Costanza, 2009; Searle and Cox, 2009; 
Parliamentary Office of Science and Technology, 2007; Kremen, 2005; Costanza et al. 
1997). As exemplified by carbon investment in soil, irrigation mosaics and the Catskills 
watershed restoration, investing in ecological infrastructure can be implemented immediately 
with current understanding and under existing socio-political and NRM governance 
arrangements. Institutions can then emerge as a result of implementing investing in 
ecological infrastructure, as opposed to institutions having to be designed so that investing in 
ecological infrastructure can be implemented. This is a key attribute of the conceptual 
framework, because effective approaches to long term ESD will require a whole-of-
community and a whole-of-government approach (Section 5.5.1). 
 
Finally, while it may be concluded that this thesis has fulfilled its aim, such an achievement is 
only a first, small step towards a more complete integration of socio-economic systems 
within the ecological infrastructure they depend on. The next and much larger step will be 
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using ‘investing in ecological infrastructure’ to frame the development decisions of a 
functioning social-ecological system. Taking this step will generate numerous research 
opportunities.    
7.3 Future research opportunities 
Despite the Burdekin Dam and irrigation area development returning half the projected 
economic return on investment, there was strong agreement across all the focus groups that 
the Burdekin development was successful in terms of socio-economic outcomes. With 
respect to ecological outcomes, however, the general consensus was that it was poorly 
planned and managed. From these views it may be hypothesized that stakeholders will 
accept a low, or even zero return on public infrastructure investment, if the ‘trade-off’ is 
sustainable social-ecological systems over the long term. Given the increasing pressure 
placed on ecological infrastructure by public infrastructure development, a broader and 
deeper study of communities’ views on trading-off economic returns for ecological returns on 
public infrastructure investment appears to be warranted.  
 
Restoration and maintenance of ecological infrastructure at a global scale has been the 
subject of increasing scientific and political debate since Meadows et al. (1972) published 
The Limits to Growth, but what about enhancing ‘undisturbed’ ecological infrastructure? It is 
not uncommon for governments to invest hundreds of millions of dollars over decades in 
built infrastructure developments (like the BHWSS) before any economic return on 
investment is received. Yet, instead of ‘developing’ ecological infrastructure prior to 
abstracting goods and services from it, we generally target only the economically productive 
elements of it, such as soils, rivers and aquifers, and exploit them ‘as they are’. In many 
places around the world, this practice has degraded and destroyed ecological infrastructure 
and thus reduced the long term sustainability of the socio-economic systems embedded 
within it. This leaves us with perhaps the most important question for future research to 
emerge from this study: as well as restoring degraded ecological infrastructure and 
maintaining existing ecological infrastructure, can we enhance the capacity of ‘undisturbed’ 
ecological infrastructure at regional or catchment level, so that it can be sustainably 
exploited for ecosystem goods and services over the long term?  
 
Considering the Lower Burdekin development again, the ecological infrastructure of the right 
bank proved to be not suitable for immediate exploitation. In the context of long term, 
ecologically sustainable development, the important question may not be about what parts of 
the right bank can be developed at a minimum economic cost, but how we can invest in the 
ecological infrastructure of the right bank, so that it provides a sustainable flow of ecosystem 
goods and services for current and future stakeholders. In other words, how can we enhance 
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the capacity of currently unsuitable ecological infrastructure so that it produces ecosystem 
services that benefit human populations over the long term? For example, zones of transition 
between adjacent ecological systems are important characteristics of natural mosaics and 
play a key role in energy and material fluxes (Paydar et al. 2007). Could we create or 
enhance zones of transition within and/or across areas that are currently unsuitable for 
agricultural development, such as the right bank of the Burdekin River, and thereby enhance 
the capacity of this ecological infrastructure for future (sustainable) use? Are we prepared to 
spend millions of dollars over decades to ‘develop’ ecological infrastructure, as we do with 
built infrastructure? 
 
These are important questions, because how effectively we can enhance ecological 
infrastructure, as well as restore and maintain it, may ultimately determine the level of well-
being enjoyed (or suffered) by many of earth’s future citizens. Exploring the potential for 
enhancing ecological infrastructure for future well-being will involve a wide range of scientific 
disciplines, as well as extensive and intensive public debate.  
 
One of the most hotly debated topics will be how to fund ecological infrastructure 
investments. The economic cost of investing in ecological infrastructure was raised in all the 
focus groups. And it was mostly seen as either a “barrier” to investing in ecological 
infrastructure, or a question of “who pays” for investing in ecological infrastructure. In terms 
of the level and extent of investment that is now necessary across the globe, this is a 
significant issue. There are, however, mechanisms already in place that can enable 
stakeholders and governments to start investing in ecological infrastructure quickly and 
effectively. Over 150 countries, including 33 out of 34 Organization for Economic Co-
operation and Development (OECD) member countries, have implemented consumption 
taxes (OECD, 2012). Also known as ‘Goods and Services Taxes’ (GSTs), or ‘Value Added 
Taxes’ (VATs), these are flat rates of tax applied to the goods and services consumed by 
individuals, corporations and governments.  
 
An increase in consumption tax of only one or two percentage points would provide an 
equitable means of raising funds for investing in ecological infrastructure. This is because 
the amount of tax paid by consumers is directly proportional to the amount of resources 
consumed, and thus the ecological infrastructure impacted. Because GSTs and VATs have 
been in place for some time in many countries, mechanisms to collect these taxes are 
already in place and operating effectively. An increase in the existing rate of consumption tax 
is therefore able to be readily implemented, enabling governments to begin collecting funds 
for investing in ecological infrastructure almost immediately. Carbon and other environmental 
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taxes, plus environmental regulatory fees and charges could theoretically be scrapped, as 
the additional consumption tax could be designed to provide for all necessary investments in 
ecological infrastructure.  
 
Appropriate investment in ecological infrastructure is a long term proposition. It is therefore 
vital that a proportion of the funds collected are held for future use. There are a number of 
sovereign wealth-fund initiatives currently operating that can serve as models for an 
‘Ecological Infrastructure Investment Fund’. Norway’s Government Pension Fund Global 
(Fletcher School of Law and Diplomacy, 2012) is an ideal example of how an ‘Ecological 
Infrastructure Investment Fund’ could be instituted and managed. 
 
In terms of administering ecological infrastructure investments, environment protection 
agencies and NRM departments already exist at various levels of government. These 
agencies could be used, at least initially, to assess requests for ecological infrastructure 
investment funds, as well as to dispense the funds and monitor outcomes. Provision should 
also be made for some portion of nationally collected ecological infrastructure funds to go to 
the United Nations Environment Program (UNEP). This would provide the UNEP with 
funding to assist developing nations to institute effective ecological infrastructure investment 
programs as quickly as possible. Ecological infrastructure is interconnected, so the benefits 
of improving ecosystem integrity in a single country will be shared by other nations and 
ultimately the entire globe.  
 
A comprehensive assessment of national ecological infrastructure, as exemplified by the UK 
National Ecosystem Assessment (2011), is an important part of restoring, maintaining and 
enhancing global ecological infrastructure. This will help us to identify priority investment 
areas and to develop and implement appropriate investment strategies. Measuring and 
monitoring progress towards projected returns on ecological investments will play a vital role 
in ensuring that the effectiveness of ecological infrastructure investments is maximised. 
 
The above outline describes some possible scenarios in which investing in ecological 
infrastructure could be funded and administered. Examining and developing these or other 
means to implement investing in ecological infrastructure will require significant research 
effort.  
 
From a personal, as well as professional perspective, the abandonment of the Traditional 
Owner focus group is, by far, the most disappointing aspect of my PhD experience. Given 
the success of the Bindal people in managing the ecological infrastructure of the Lower 
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Burdekin, perhaps over millennia, I consider the views of the region’s Traditional Owners on 
the concept of investing in ecological infrastructure to be integral to the further development 
of the proposed conceptual framework. Gathering these views should therefore be a priority, 
with respect to future research emerging from this thesis.   
7.4 Concluding remarks 
Notwithstanding the potential extent and nature of further research on investing in ecological 
infrastructure, the strengths of the conceptual framework developed in this thesis are that it 
can be adopted immediately and implemented quickly under existing socio-political and 
institutional contexts. These attributes are vital ones, given the increasing global demand for 
ecosystem services and the diminishing capacity of global ecological infrastructure to 
produce those services. ‘Investing in ecological infrastructure’ not only deals with the public 
nature of ecosystem services, it provides an ecologically robust, economic framework for 
sustainable human development, and a viable alternative to the current, growth-based 
economic paradigm. 
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Investing in Ecological Infrastructure: Study Background  
 
1. Built infrastructure: elements, systems and services  
Most of us use roads, telephones, electricity, water and other essential infrastructure every 
day. Generally speaking, this built infrastructure can be viewed in terms of elements, 
systems and services (Table 1).  
 
Table1: Built infrastructure elements, systems and services 
 
Built infrastructure 
Elements*                     Systems                                 Services 
Transport Road, rail, terminals,              
ports etc 
Despatch, delivery, receipt 
of goods and services 
Communication Transmitters, cables,      
receivers, satellites 
Information storage and     
exchange 
Energy Power stations,                     
power lines 
Generation, storage and 
transmission of energy 
Water Dams, channels,             
treatment plants etc 
Water for urban, 
agricultural and industrial 
use 
* Also includes health, education, industry, defence and other built infrastructure elements 
Built infrastructure elements provide systems, which in turn maintain various services from 
which humans derive benefits (Figure 1). However, a significant human investment is 
required to maintain and upgrade existing infrastructure and develop new infrastructure 
(Figure 1). 
 
 
 
Figure 1: Built infrastructure requires significant human investment to provide various socio-
economic services for human benefits. 
 
  
Elements
Systems
Investment 
$$
Built 
infrastructure
Human
benefits 
Services
177 
2. Ecological infrastructure: elements, systems and services  
Ecological infrastructure can also be viewed as elements, systems and services (Table 2).  
 
 
Table 2: Ecological infrastructure elements, systems, and services  
 
Ecological infrastructure 
Elements*              Systems                             Services 
Rivers River ecosystems Water delivery within & among elements & 
ecosystems 
Soils Soil ecosystems Support medium; water storage & supply, 
nutrients for plants; waste treatment & removal 
Aquifers Aquifer ecosystems Water capture; water storage, purification & 
dilution 
Wetlands Wetland ecosystems Water storage, filtration & purification 
* Also includes catchments, forests, floodplains, estuaries and other landscape elements 
 
In their natural state, ecosystems draw on various landscape elements to provide a range of ecosystem 
services (Figure 2). 
 
Although many aspects of it are invisible, the most important component of ecological 
infrastructure is its connectivity. In Figure 2 this connectivity is represented by the arrows 
among and within the elements, systems and services, with the dashed arrows indicating the 
feedbacks between ecosystem services, landscape elements and ecosystems.  
 
An example of the extent of connectivity among and within elements systems and services is 
the connectivity between mangroves and deeper ocean ecosystems. Mangroves help to 
buffer coastlines against storm and tide damage. Juvenile and adult coral reef and other 
coastal tropical fish species use mangroves for habitat and food. In turn, these coastal 
fisheries provide a food source for deeper ocean predators and humans, effectively 
connecting the ecosystem services provided by mangroves to the sustenance of deeper 
ocean ecosystems and human populations.  
 
3. What happens to ecological infrastructure when humans enter the scene?  
Figure 3 represents an environment that is being exploited for human benefits.  
Compared to Figure 2, the connecting lines between and within the elements, systems and 
services in Figure 3 are narrower. These narrower lines represent changes in the 
connectivity. If the ecological infrastructure is overexploited, changes in connectivity will 
become significant enough to result in a total system breakdown. 
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Figure 3 describes what has actually happened in many cases of environmental degradation. Our 
limited understanding of the nature of ecological infrastructure has effectively hidden the true 
condition of the larger system that the element, ecosystem, or ecosystem service being exploited is 
connected to. In many places around the world, including the Murray-Darling Basin, humans have 
over-exploited certain ecosystem services and weakened the ecological infrastructure that provides 
these and other essential functions and processes. 
4. Investing in ecological infrastructure  
Figures 2 and 3 suggest that we cannot restore or maintain ecosystem services without considering the 
interconnected ecological infrastructure that provides these services. As citizens of modern societies, 
we readily accept the need to invest in built infrastructure to maintain and increase the delivery of 
various socio-economic services for our growing populations (see Figure 1). However, it is not so 
widely recognized that, as populations continue to grow and living standards rise, humans and their 
associated built infrastructure will need much more from the remaining ecological infrastructure, in 
terms of capacity to deliver essential ecosystem services. Ensuring ecologically sustainable 
development for an increasing global population must therefore include a substantial public and 
private investment in ecological infrastructure.  
In addition to population growth, the present breadth and depth of environmental 
degradation and potential climate change impacts indicate that a significant amount of time, 
energy, intellect and finance must be directly invested in understanding, restoring, 
maintaining and enhancing ecological infrastructure to ensure the delivery of sufficient 
ecosystem services for the needs of current and future generations.  
 
What, where, when, how and how best to invest in the ecological infrastructure of the 
Burdekin is the subject of the focus group you have been invited to participate in.  
  
Figure 3: An environment that is 
being exploited for human benefits
Elements
Systems
Ecological  
infrastructure
Human
benefits 
Services
Elements
Systems
Ecological  
infrastructure
Services
Figure 2: Ecosystems draw on landscape 
elements to provide ecosystem services
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Focus Group 2: Schedule 
 
 
 
Date/Time: Monday 27th September, 2010 @ 10.00am 
 
 
 
Location: South Burdekin Water Board Board Room, 28 Ninth Avenue Home Hill 
 
 
Agenda: 
10.00am   Arrival and morning tea 
 
 
10.15 – 10.30am  Introduction  
 
 
10.30am – 12.20pm  Focus Group Discussion 
 
 
12.20 – 12.30pm  Wrap up 
 
 
12.30 pm –    Lunch 
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Focus Group 2: Questions 
 
Introductory Question: Question 1     10.30 – 10.45 am 
“What role does water play in your work and life?”  
 
Transition Questions: Question 2    10.45 – 11.00 am 
“What is your view on the development of the Burdekin’s water resources to date?” 
         Question 3     11.00 – 11.20 am 
 “What is your understanding of the ecological infrastructure of the Lower Burdekin?”  
 
Key Questions:                     Question 4                 11.20 – 11.45 am 
“What is your view on investing in the ecological infrastructure of the Burdekin (e.g. what, 
where, when, how, how much) to ensure long-term water resource security? 
                         Question 5                11.45 am – 12.05 
“To make sure we’ve captured the key points, can each of you reflect on all the comments 
shared in the discussion and then identify which aspects you think are most important?”  
 
Ending Question:  Question 6    12.05 – 12.20 pm 
 “Is there anything we should have talked about, but didn’t?”  
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SCHOOL OF INTEGRATED SYSTEMS 
 
 Information sheet for participants in research projects: Focus Groups 
 
 
 PROJECT TITLE:   “Investing in ecological infrastructure: A framework for long term 
water security” 
 
 
Introduction  
My name is Stephen Marchant and I am conducting a research project on irrigation 
development proposals in northern Australia as part of a PhD at the University of Queensland 
(UQ) in collaboration with CSIRO Land and Water Division, Townsville. This project is being 
supervised by: Professor Helen Ross from the School of Integrated Systems at UQ; and Dr. 
Keith L. Bristow, Senior Principal Research Scientist, CSIRO Land and Water. The research 
project is being funded by the Cooperative Research Centre for Irrigation Futures (CRC IF) in 
fulfilment of its brief to improve the management of water resources in catchments with 
irrigation industries. 
 
As someone who has interests in the future of water resources in northern Australia, we 
would like to invite you to participate in our research project. The aim of the study is to gain a 
better understanding of the ecological infrastructure of the Lower Burdekin Region’s water 
resources. We would like your views on how best to invest in the region’s ecological 
infrastructure to ensure the long term security of the region’s water resources.  
 
Ecological infrastructure is made up of natural features, such as rivers, forests, wetlands and 
aquifers; the ecosystems that inhabit these natural features; the ecosystems services 
provided by these ecosystems and most importantly the interconnections within and 
between the natural features, ecosystems and ecosystem services. 
 
What will I be asked to do? 
Should you agree to participate, you will be asked to contribute by taking part in a focus 
group study of about 2 to 21/2 hours.  
 
This focus group study will be conducted at a time and place that is suitable for the 
participants and it will consist of a small group of no more than 5 to 10 people from 
similar/related interest areas (for example farmers will form one group, representatives from 
government agencies another etc). 
 
Can I withdraw from the research? 
Being in this study is completely voluntary and you are under no obligation to consent to 
participate. Should you wish to withdraw at any stage, or to withdraw your comments after 
the focus group, you are free to do so, and so far as possible the information you have 
contributed will be destroyed and not used in the analysis. 
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How will my confidentiality be protected? 
We intend to protect your anonymity and the confidentiality of your responses to the fullest 
possible extent. The names and contact details of focus group participants will be kept in a 
password-protected computer file, separate from any comments collected from the focus 
group. Any published material containing data from this focus group will only provide 
summarised information, which combines the views of many people. Any references to 
personal information that might allow someone to guess your identity will be removed. 
However, as the focus groups are small and the participants are from the same interest 
areas it is quite likely that someone may be able to identify you.  All participants will therefore 
be asked not to reveal the identities of, or comments made by, other participants. The data 
will be kept securely at CSIRO Townsville for five years from the date of publication, before 
being destroyed. 
 
How will I receive feedback? 
A short report on the results of the research will be provided for your feedback when the 
project is completed. It is also possible that the results will be presented at academic 
conferences. Copies of the presentations containing data from this workshop will be made 
available, if requested, through the contacts provided below. 
 
Where can I get further information? 
Should you require any further information, or have any concerns, please do not hesitate to 
contact the researcher, Stephen Marchant on 0439 712 173 or email 
Steve.Marchant@csiro.au.  Should you have any concerns about the conduct of the project, 
you are welcome to contact the project supervisors: Professor Helen Ross on (07) 5460 
1648 or email Helen.Ross@uq.edu.au; and Dr Keith L. Bristow on (07) 4753 8596 or email 
Keith.Bristow@csiro.au  
 
 
This study has been cleared by one of the human research ethics committees 
of the University of Queensland in accordance with the National Health and 
Medical Research Council's guidelines. You are of course, free to discuss 
your participation in this study with project staff (contacts provided above). 
If you would like to speak to an officer of the University not involved in the 
study, you may contact Leesa Young on (07) 5460 1025. 
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SCHOOL OF INTEGRATED SYSTEMS 
 
Information sheet for participants in research projects: Interviews 
 
PROJECT TITLE:  “Investing in Ecological Infrastructure: A framework for long term water 
security” 
 
Introduction  
My name is Stephen Marchant and I am conducting a research project on irrigation 
development proposals in northern Australia as part of a PhD at the University of Queensland 
(UQ) in collaboration with CSIRO Land and Water Division Townsville. This project is being 
supervised by: Professor Helen Ross from the School of Integrative Systems at UQ; and Dr. 
Keith L. Bristow, Senior Principal Research Scientist, CSIRO Land and Water. The research 
project is being funded by the Cooperative Research Centre for Irrigation Futures (CRC IF) in 
fulfilment of its brief to improve the management of water resources in catchments with 
irrigation industries. 
 
As someone who has interests in the future of water resources in northern Australia, we 
would like to invite you to participate in our research project. The aim of the study is to gain a 
better understanding of the ecological infrastructure of the Lower Burdekin Region’s water 
resources. We would like your views on how best to invest in the region’s ecological 
infrastructure to ensure the long term security of the region’s water resources.  
 
Ecological infrastructure is made up of natural features, such as rivers, forests, wetlands and 
aquifers; the ecosystems that inhabit these natural features; the ecosystems services 
provided by these ecosystems and most importantly the interconnections within and 
between the natural features, ecosystems and ecosystem services. 
 
What will I be asked to do? 
Should you agree to participate, you will be asked to contribute by taking part in a brief 
interview of about 20 to 30 minutes. This interview will be conducted at a time and place that 
is suitable for you and the researcher will be asking for your views on the importance of 
investing in ecological infrastructure with respect to your role in the irrigation sector. With 
your permission the interview will be tape-recorded so that we can ensure that we maintain 
an accurate copy of what you say. When the tape has been transcribed, you would be 
provided with a copy of the transcript, so that you can verify that the information is correct 
and/or request deletions.   
 
Can I withdraw from the research? 
Being in this study is completely voluntary and you are under no obligation to consent to 
participate. Should you wish to withdraw at any stage, or to withdraw your comments after 
the focus group, you are free to do so, and so far as possible the information you have 
contributed will be destroyed and not used in the analysis. 
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How will my confidentiality be protected? 
We intend to protect your anonymity and the confidentiality of your responses to the fullest 
possible extent. The names and contact details of focus group participants will be kept in a 
password-protected computer file, separate from any comments collected from the focus 
group. Any published material containing data from this focus group will only provide 
summarised information, which combines the views of many people. Any references to 
personal information that might allow someone to guess your identity will be removed. 
However, as the focus groups are small and the participants are from the same interest 
areas it is quite likely that someone may be able to identify you.  All participants will therefore 
be asked not to reveal the identities of, or comments made by, other participants. The data 
will be kept securely at CSIRO Townsville for five years from the date of publication, before 
being destroyed. 
 
How will I receive feedback? 
A short report on the results of the research will be provided for your feedback when the 
project is completed. It is also possible that the results will be presented at academic 
conferences. Copies of the presentations containing data from this interview will be made 
available, if requested, through the contacts provided below. 
 
Where can I get further information? 
Should you require any further information, or have any concerns, please do not hesitate to 
contact the researcher, Stephen Marchant on (07) 4753 8605, or email 
Steve.Marchant@csiro.au.  Should you have any concerns about the conduct of the project, 
you are welcome to contact the project supervisors: Professor Helen Ross on (07) 5460 
1648 or email Helen.Ross@uq.edu.au; and Dr Keith L. Bristow on (07) 4753 8596 or email 
Keith.Bristow@csiro.au.  
 
How do I agree to participate? 
If you would like to participate, please indicate that you have read and understood this 
information by signing the accompanying consent form and returning it in the envelope 
provided.  The researchers will then contact you to arrange a mutually convenient time for 
you to be interviewed. 
 
 
This study has been cleared by one of the human research ethics committees 
of the University of Queensland in accordance with the National Health and 
Medical Research Council's guidelines. You are of course, free to discuss 
your participation in this study with project staff (contacts provided above). 
If you would like to speak to an officer of the University not involved in the 
study, you may contact Leesa Young on (07) 5460 1025 
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SCHOOL OF INTEGRATED SYSTEMS 
Consent form for persons participating in research projects: Focus group 
 
PROJECT TITLE:  “Investing in Ecological Infrastructure: A framework for long term water 
security” 
 
Name of investigator:   Stephen Marchant 
 
 
I consent to participate in the University of Queensland research project specified above. I 
have had the project explained to me and I have read the Participant Information Sheet, 
which I keep for my records. I understand that agreeing to take part means that: 
 
1. I agree to be involved in the focus group    Yes  No 
 
2. I agree to allowing the focus group to be                    Yes                 No 
audio-taped and/or videotaped for retrieval 
of data only (recordings will not be made public) 
3. I would like to be acknowledged as having 
assisted with this study.                    Yes                 No 
 
I understand that my participation is voluntary; that I can choose not to participate in part or 
all of the project; that I can withdraw at any stage of the project without being penalised or 
disadvantaged in any way; and that if I do choose to withdraw, so far as possible the 
information I have contributed will be destroyed and not used in the project’s results. 
 
I understand that any data that the researcher extracts from the focus group for use in 
reports or published findings will not, under any circumstances, contain names or identifying 
characteristics, unless I have asked to be acknowledged for my assistance. 
 
I acknowledge that I have been informed that the confidentiality of the information I provide 
will be safeguarded. 
 
Participant’s name:   …………………………………………….. 
 
Signature:      …………………………………………….       Date:       /     / 
  
NOTE: This consent form will remain with the University of Queensland researcher for their records 
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SCHOOL OF INTEGRATED SYSTEMS 
 
Consent form for persons participating in research projects: Interview 
 
PROJECT TITLE:  “Investing in Ecological Infrastructure: A framework for long term water 
security” 
 
Name of investigator:   Stephen Marchant   
 
  
I consent to participate in the University of Queensland research project specified above. I 
have had the project explained to me and I have read the Participant Information Sheet, 
which I keep for my records. I understand that agreeing to take part means that: 
 
1. I agree to be interviewed by the researcher            Yes  No 
 
 
2. I agree to allow the interview to be audio-taped            Yes  No 
and/or videotaped for retrieval of data only  
(recordings will not be made public) 
           
      3.  I agree to being contacted about making myself                            Yes             No 
           available for a further interview if required  
 
4. I would like to be acknowledged as having  
            assisted with this study.                Yes  No
         
 
I understand that I will be given notes concerning me for my approval before the research is 
written up. 
 
I understand that my participation is voluntary; that I can choose not to participate in part or 
all of the project; that I can withdraw at any stage of the project without being penalised or 
disadvantaged in any way; and that if I do choose to withdraw, so far as possible the 
information I have contributed will be destroyed. 
 
I understand that any data that the researcher extracts from the interview for use in reports 
or published findings will not contain names or identifying characteristics, unless I have 
asked to be acknowledged for my assistance.  
 
I acknowledge that I have been informed that the confidentiality of the information I provide 
will be safeguarded. 
 
 
Participant’s name:   …………………………………………….. 
 
Signature:     …………………………………..                      Date:     /     /  
 
  
NOTE: This consent form will remain with the University of Queensland researcher for their records  
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Appendix 4 - Summary report of the Lower Burdekin focus group results 
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Investing in ecological infrastructure 
 
Lower Burdekin focus group study: summary of conclusions 
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Contact:  
 
Steve Marchant, CSIRO Land and Water, PMB Aitkenvale, Townsville, QLD. 4814. 
 
Phone: 07 4728 8091 
Email: steve.matchant@csiro.au 
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Lower Burdekin focus groups: investing in ecological infrastructure 
Conclusions 
The main objective of the focus group discussions was to record the views of a wide range 
of Lower Burdekin stakeholders on how, when, where, what and why we should be 
investing in ecological infrastructure.  
The data show that the focus groups clearly identified the major environmental problems in 
the Lower Burdekin region and strongly articulated the need to address these problems. The 
need for investment in a better understanding of ecological infrastructure, the need to 
restore degraded ecological infrastructure and the need for better planning and 
management of both ecological and built infrastructure were confirmed by the focus 
groups. Conversely, except for one or two comments such as “We need to invest in new 
development areas” and “we need to save the ecological infrastructure before repair is 
necessary”, the importance of investing in maintaining and enhancing ‘undisturbed’ 
ecological infrastructure, per se, was not a priority for many participants.  
The need to better integrate ecological and built infrastructure was viewed as important by 
some, but not all focus groups. As to the question of how to invest, there was strong 
agreement that a whole of community effort is a necessary aspect of any approach to 
investing in ecological infrastructure. The focus groups also agreed that short term 
economic costs were a major barrier to investing in ecological infrastructure. The question 
of what to invest in was commented on by participants, but no consensus among all groups 
emerged. For example, water use efficiency was viewed by some groups as a necessary 
investment, but other groups did not discuss it. The subject of when to invest was not 
discussed in any detail.  
While there was a general consensus that investing in ecological infrastructure is essential, 
the study revealed that participants’ reasons for investing in ecological infrastructure were 
divided between ensuring long term ecologically sustainable development and maintaining 
current economic performance. These findings indicate that stakeholders with differing 
world views may accept the need to invest in ecological infrastructure relatively easily, but 
their different world views may result in conflicts over investment priorities. As one 
respondent suggested, “How well people will understand the ecological infrastructure 
concept is largely governed by their attitudes to ecological infrastructure”.  
The need for better planning and management of both ecological and built infrastructure at 
the state and federal level and the need for a whole-of-community approach to investing in 
ecological infrastructure at the local level were widely held views. Lower Burdekin 
stakeholders thus perceive effective investment in ecological infrastructure as a 
combination of top-down and bottom-up management approaches. This conclusion aligns 
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with the proposition that NRM issues tend to be cross scale in space and time.63 This finding 
is also important in relation to the development of the concept of investing in ecological 
infrastructure, because it suggests that an overarching framework to guide NRM thinking 
and actions must be applicable at various scales.  
With regards to the proposed framework Figure 1 (b)), the Lower Burdekin focus group 
study produced two other important points for consideration. Firstly, it was observed that 
the framework represented in Figure 1 (b) depicted socio-economic systems as being 
outside ecological infrastructure, when they should be inside it. Secondly, human activity, 
such as damming a river, not only disconnects ecological infrastructure. These activities can 
also feed waste streams into ecological infrastructure, for example tail waters that are 
discharged into surface and ground water systems. Human actions can also alter natural 
cycles, as in the case of formerly ephemeral streams that now flow all year round.  
 
 
Figure 1: Maintaining sufficient flows of services for current and future human needs.  
(a) People recognize the need to invest in built infrastructure for socio-economic services. 
(b) Population growth, increasing resource consumption, and diminishing ecological integrity on a 
global scale means that significant human investment in ecological infrastructure is now required. 
 
These two observations were used to refine the proposed ‘investing in ecological 
infrastructure’ framework (Figure 2).  
 
                                               
63 Holling CS, Berkes F, Folke C, 1998. Science, sustainability and resource management. In: F. Berkes 
& C. Folke, (Eds.), 1998. Linking Social and Ecological Systems: Management Practices and 
Social Mechanisms for Building Resilience, Cambridge University Press, Cambridge. 
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Figure 2: Sustainable development over the long term requires significant investment in ecological 
infrastructure, including configuring built infrastructure and treating wastes, so that they maintain 
and enhance ecological integrity. 
 
Figure 2 highlights the key structural and functional aspects of ecological infrastructure. 
Specifically, natural elements at various scales support ecosystems, which produce 
ecological processes. Some of these processes are ‘fed back’ to ecosystems and elements. 
Figure 2 ‘embeds’ socio-economic systems within ecological infrastructure, as suggested by 
the focus groups. This is depicted by using coloured shading, rather than using boxes within 
a larger box, as in Figure 1. In Figure 2 “Investment” has been further delineated into 
“Ecological infrastructure investment” and “Built infrastructure investment”, and flows of 
waste materials have also been added.  
Drawing these conclusions together, the ‘take home message’ from the Lower Burdekin 
focus groups is: investing in ecological infrastructure is not only about immediate social-
ecological cost/benefit trade-offs. It is also about maintaining and indeed enhancing, our 
capacity to deal with an uncertain future.  
 
